Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



THE GASEOUS METABOLISM OF INFANTS 



WITH SPECIAL EEFEKENCE TO ITS REUTION TO PULSE- 
KATE AND MUSCCLAK ACTIVITY 



FRANCIS G. BENEDICT iiro FRITZ B. TALBOT 



WASHINGTON. D. C. 

PUBUSHED By TBB CaKNEOIK IhbTITIJTION OF WaSHINOION 

1914 



CARNEGIE INSTITUTION OF WASHINGTON 

Publication No. 201 









• • • 



• • 









• • * 



• • • 



PRESS OF GIBSON BROTHERS^ INC. 
WASHINGTON, D. C. 



PREFACE. 



These observations were made in the Children's Department of the 
Massachusetts General Hospital with an apparatus belonging to the 
Nutrition Laboratory. The experimental technique was exclusively 
under the charge of Miss AUce Johnson, of the Nutrition Laboratory 
staff. For her extraordinarily painstaking skill and fidelity we are 
under great obUgations. 

Of the numerous co-workers in this research we wish especially to 
mention Doctors S. Morgulis and J. L. Gamble, and of the various 
house officers and nurses, Dr. R. E. Eustis, Dr. Clifford B. Sweet, 
and the Misses Trainer, Sullivan, and Richardson. 

The obtaining of subjects for observation was much facilitated by 
the kindness and assistance of Dr. F. A. Washburn, the superintendent 
of the Massachusetts General Hospital, and various members of his 
staff. 

Our thanks are due to Dr. J. H. Wright of the Pathological Depart- 
ment, who placed an excellent room in his laboratory at our disposal. 

We are particularly indebted to Dr. Hans Murschhauser of Diissel- 
dorf, Research Associate of the Carnegie Institution of Washington, 
attached to this laboratory, for his readmg of the entire manuscript 
and for numerous helpful suggestions. 

The labor of preparing much of the material m this report has faUen 
upon Miss A. N. Darling and Mr. W. H. Leslie, whose assistance we 
gratefully acknowledge. 

Nutrition Labobatory of the 

Cabnegib Institution of Washington, 
Boston, MaaaachuaettSf February 7, 1914, 
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GASEOUS METABOLISM OF INFANTS. 



and gives protocols for another experiment, 1 hour in length, presum- 
ably with the same infant. In summing up his averages he refers to 
numerous experiments on infants weighing from 6 to 9 kilograms and 
includes observations made with environmental temperatures ranging 
from 18° C. to 25° C. He concludes that the infant produces on the 
average 4 calories per kilogram of body-weight per hour. Richet dis- 
cusses especially the relationship between the body-surface and the 
heat-production. 

Two years later, Langlois^ conducted experiments on children with 
Richet's calorimeter, in which only the heat-production was measured. 
From 17 controlled experiments, all with infants weighing about 7 
kilograms, Langlois concludes that the heat-production is increased 
as the environmental temperature is lowered. As a result of a study 
on the influence of the time of day upon the heat-production, he also 
concludes that there are two maximum values at approximately 11 a. m. 
and 3 p. m., corresponding to the values for the absorption of oxygen 
foimd by Fredericq.^ 

Tablb 1. — Bdatianahip between hecU^odttcUon and body-ioeight of infants (Langlois). 





Heat-production 


Body-weight. 


per kilogram of 




body-weight. 


kilos. 


cola. 


Two children at 1 . 8 


6.40 


ChUd of 2.6 


4.80 


Children from 3.0 to 4.0 


4.20 


Children from 7 . to 8 . 


4.12 


Children from 9 . to 10 . 


3.93 



Table 2. — Reiationehip between heat-prodtu^ion and body-surface of infants (Langlois). 



Body-weight. 


Body-surface. 


Heat-productii 


on. 


Per kilogram of 


Per unit of 


Per sq.meter of 






body-weight. 


surface. 


body-surface.* 


kilos. 




caJls. 


ccUs. 


ccUs. 


10 


9.1421 


3.920 


17 


1.690 


9 


2.106 


3.900 


16 


1,620 


7 


1.778 


4.120 


16 


1.580 


6 


1.638 


4.200 


15 


1.500 


4 


1.135 


4.300 


15 


1,370 


2 


0.780 


6.000 


15 


1.510 



^This figure is quoted from Langlois and as his discussion of body-surface is very 
confusing, it is impossible to make a correction which is obviously much needed. 

*As calculated by Camerer, using Meeh's formula (Camerer, Der Stoffwechsels 
des Kindes. Tubingen, 1896, p. 109). 

Langlois's discussion of the relationships between the heat-production 
and the body-weight and the heat-production and the body-surface is 
of special interest in connection with our research. As will be seen 

^Langlois, Centralbl. f. Physiol., 1887, 1, p. 237. 'Fredericq, Arch, de Biol., 1882, 3, p. 731. 
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with a normal and an atrophic infant, neither being breast-fed. This ^ 
study was carried out on the same plan as that used for the former ^ 
experiment. The "normal" infant weighed 7.57 kilograms, was 7J ^ 
months old, and appeared to be in good health. She was fed on milk ^ 
and milk sugar and throughout the observation was said to be in ' 
general "recht ruhig.'' The results were compared with those obtained i 
with the breast-fed infant in the previous experiment, the hourly excre- 
tion of carbon dioxide per square meter of body-surface being but 13.5 i 
grams for the breast-fed infant, which weighed but 5 kilograms, and . 
17.3 grams for the artificially fed infant, which weighed 7.6 kilograms. , 

TabIiB 4. — ReiniUa of expenmerUs vnth a normal infant and an ^ 

(Rubner and Heubner). 



Description 
of subject. 



Normal. 



Atrophic . . 



Food. 


Period. 


Breast-fed. 


• • • . • 


Cow milk. 


I 


<4 


II 


II 


III 


II 


I 


II 


II 


Meal. 


• • • • 



Calories per 

square meter of 

body-surface. 



1,006 
1,143 
1.233 
1,378 
1.090 
1,171 
1.036 



The second portion of the paper deals with the metabolism of the 
atrophic infant, artificially fed with cow's milk and '^ Kinder mehV 
Their results are given in table 4. The authors conclude that there was 
nothing abnormal in the metabolism of the atrophic infant. 

Table 5. — Remits of experiments on the respiratory exchange of atrophic infants (Poppi). 



Name. 


Date. 


Dura- 
tion. 


Body- 
weight. 


Age. 


Carbon dioxide 
produced. 


Oxygen produced. 


Respi- 
ratory 
quo- 
tient. 


Total. 


Per 24 
hours. 


Per kg. 

per 
minute. 


Total. 


Per 24 
hours. 


Per kg. 

per 
minute. 


P.L. 

N.B. 

C.F. 

A.F. 

M.G. 

F.G. 

E.N. 


1899. 

July 11 

20 

Nov. 10 

12 

15 

Dec. 8 

1900. 

Feb. 3 


h* fit, 

1 15 

2 
2 
2 
2 
2 

2 


kilos, 
3.425 
3.865 
5.500 
3.465 
5.450 
2.780 

3.940 


mos. 

9 
10 
16 

7 
12 

3i 

4 


c.e. 
2,166 
3,900 
4,125 
3,177 
4,071 
2.667 

3,009 


liters. 

40.62 

46.80 

49.50 

38.13 

48.852 

32.004 

36.108 


c.c, 
8.237 
8.409 
6.25 
7.642 
6.225 
8.07 

6.364 


c.c. 
2,084 
3.820 
4,621 
3,027 
4.186 
2,642 

3,223 


liters, 
40.02 
45.84 
55.462 
36.324 
50.232 
31.704 

38.676 


C.C. 

8.114 

8.236 

7.002 

7.280 

6.40 

7.92 

6.818 


1.015 
1.021 
0.893 
1.050 
0.973 
1.019 

0.933 



The first extensive study exclusively with atrophic infants was 
made by Poppi. ^ A respiration apparatus of the closed-circuit type 
was probably used, as both the carbon-dioxide production and the 
oxygen consumption were measured, though little is said of the method. 
An abstract of the results obtained with 7 infants is given in table 5. 

^Poppi. II ricambio materiale e il ricambio respiratorio nell'atrofia infantile, Bologna, 1900. 
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The respiratory quotients all seem unusually high, and this fact throws 
doubt upon the accuracy of the research. It is probable, however, 
that the carbon-dioxide determinations are well within the limits of 
accuracy, as is usual with methods of this type. From the protocols 
of one of Poppi's studies it appears that the experiments were each 2 
hours long, but no estimations are given regarding the muscular activity 
or the pulse-rate. 

In 1904 Rubner and Heubner^ reported another series of experiments 
covering a period of 5 days. The subject was a breast-fed infant, 5J 
months old and weighing 9.7 kilograms. Notwithstanding the appar- 
ently large changes in the activity from day to day, the investigators 
found that the carbon-dioxide output on the last 4 days was fairly 
constant — a fact which puzzled the authors, who suggest a compensa- 
tory influence in the life of the infant. They compare the results found 
in this observation with those secured with other infants in the previous 
work done by them, and find an increase in the carbon-dioxide output 
of 21 per cent over the results obtained with the breast-fed infant 
previously studied. (See table 6.) This increase they explain by saying 
that it is due to the greater activity of the mf ant m the last experiment. 



Table 6. — Metabolism ofivfanU compared (Rubner and Heubner). 



Subjects and diet. 



Atrophic child (cow milk) 

Breast child 

Child (cow milk) 

Child (breast, of this experiment) 



Body- 
weight. 



kilos. 

3 

5 

8 

10 



Calories per 

square meter of 

body-surface 

per day. 



1.090 
1,006 
1.143 
1,219 



In 1908 a report appeared of the first in a remarkable series of experi- 
ments carried out by Schlossmann and Mm^chhanser in Diisseldorf .* 
The protocols of this experiment were given in connection with a 
description of the testing of the modified Regnault-Reiset apparatus 
constructed by Zuntz and Oppenheimer. The authors, Schlossmann, 
Oppenheimer, and Murschhauser, emphasize the importance of obser- 
vations when the infant is asleep ; they accordingly preferred to make 
their observations the first half of the night, feedmg the mfant with a 
large amount of breast milk in the early evening. The measurements 
of the metabolism of the infant during this experiment are given in 
table 7. During the experimental period the infant weighed 5.79 kilo- 
grams, the calculated body-surface being 0.384 square meter (using 
Meeh's formula given on page 15). 

*Rubner and Heubner, Zeitschr. f. exp. Path. u. Therapie, 1904-05, 1, p. 1. 
'Schlossmann, Oppenheimer, and Murschhauser, Biochem. Zeitschr., 1908, 14, p. 385. 
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The same infant was subsequently studied by Schlossmann and 
Murschhauser^ at the ages of 144 days, 284 days, and 380 days. They 
f oimd no difference in the metabolism per square meter of body-surface 
and conclude that Rubner's law is correct and that the metabolic 
processes are proportional to the body-surface. 

Table 7. — MetdbolMm of an infant (Schlossmann and Murschhauser). 
(Per square meter of body-surface per hoiur.) 





Oxygen 
consumption. 


Carbon-dioxide 
production. 


Average during 8 hours sleep . . . 
Shortly after feeding 


gms, 

11.0 

11.88 

10.42 

12.85 


gms, 

13.78 

15.52 

12.68 

15.76 


Three hours after feeding 

Wakine and sleeoing 





The report of the first extensive research made by Schlossmann and 
Murschhauser appeared in 1910.* This is of special interest, inasmuch 
as the authors recognize at the outset the importance of muscular 
repose and of determining the basal metabolism. Many valuable sug- 
gestions as to the selection of infants for such study are incorporated 
in the report. Observations were made on 3 female infants ; the results 
of these are given in table 8. The authors conclude that the carbon- 
dioxide production and the oxygen consumption depend upon the body- 

Tablb 8. — BestdU of fasting experiments with infants during approximately abediUe reH 

(ScUossmann and Munchhaiiser). 



Subject. 


Age. 


Weight. 


Body-surface. 


Carbon-dioxide 

per square 
meter per hour. 


Oxygen per 

square meter 

per hour. 


Respiratory 
quotient. 


S 

P 

L 


days 
174 
180 
149 
169 
87 
93 


kilos, 
5.010 
5.115 
4.220 
4.430 
4.980 
5.040 


SQ. m, 
0.3505 
.3553 
.3124 
.3228 
.3491 
.3519 


grams, 
12.27 
12.22 
12.35 
12.64 
12.33 
11.48 


grams, 
10.56 
10.81 
10.52 
11.08 
12.22 
10.93 


0.847 
.824 
.856 
.832 
.730 
.760 



surface, being wholly independent of the age of the subject, and draw 
the general conclusion that the infant produces per square meter of 
body-surface about 12 grams of carbon dioxide and consumes about 11 
grams of oxygen per hour. 

Recognizing the possibility that the environmental temperature may 
have an effect upon the metabolism of the infant, Schlossmann and 
Murschhauser discussed this point in 1911,' giving the results of exper- 
iments with an infant in which the temperature of the surroimding 
atmosphere varied from 16.3® C. to 23.4® C. Another infant was 

iSohloflsnumn and Murschhauser, Bioohem. Zeitsohr., 1909, 18, p. 499. 
*Ibid„ 1910, 26, p. 14. 
^Ibid,, 1911, 87, p. 1. 
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using the formula of Meeh and the constant 11. 9^ the author finds that 
this infant with an average body-weight during the 6 days of 3.28 
kilograms had a body-surface corresponding to 0.2626 square meter, 
and that the carbon-dioxide excretion per square meter of body-surface 
was 18.5 grams per hour. 

Tabus 9. — Beatdta of an experimeni with an atrophic infant (Niemann). 



Day. 


Carbon- 
dioxide 
production 
per day. 


Average 
tempera- 
ture 
of air. 


1 


grama. 
108.0 
110.4 
117.6 
115.2 
120.0 
127.2 
127.2 
108.0 
116.4 


20.5 
20.0 
21.0 
21.0 
21.0 
21.0 


2 


3 


4 


5 


6 


MaximuTTi . . . 
Minimum . . . 
Average 









The metabolism of another atrophic infant was studied in the Univer- 
sitats-Kinderklinik, Berlin, by Frank and Wolfif.^ Using the Petten- 
kofer-Voit respiration apparatus modified by Rubner, they made two 
series of experiments of 4 days each. The average values for carbon 
dioxide are given in table 10. The authors especially comment upon 

Table 10. — Average carbon-dioxide excretion in experiment wUh an atrophic infant 

(Frank and Wolff). 



: 


Period I. 


Period II. 


Total 24 hours 


127.61 

5.317 
34.44 
1.435 
18.76 


148.81 

6.151 
38.05 

1.623 
21.26 


Per hour 


Per kilogram per 24 hours. . . . 

Per kilogram per hour 

Per square meter per hour . . . 



the imusually high figures for the carbon-dioxide excretion and attempt 
to explain them by the disturbance between the computed body-surface 
and body-weight and the effect of a protein-rich diet, but expressly 
maintain that muscular activity played no r61e, as the infant, except 
on the first day, was ^'sehr ruhig.'^ 

Bahrdt and Edelstein^ also report an experiment with an atrophic 
infant, in which they used the respiration apparatus in Langstein's 
laboratory in the Kaiserin Auguste Victoria-Haus. The observation 
was made in three periods of four days each. In the first and last 
periods, the infant remained inside the chamber for the greater part of 
the 24 hours, being removed periodically, as is customary in experiments 
with this type of apparatus. Their final conclusion was that the heat- 

^Frank and Wolff, Jahrb. f. Einderheilk., 1913, 78, p. 1. 

'Bahrdt and Edelstein, Festschrift Dr. Otto L. Heubner, Berlin, 1913. 
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With modem apparatus it is possible to arrive at an even more exact 
knowledge of the energy output by determining both the oxygen con- 
sumption and the carbon-dioxide production and calculating the respi- 
ratory quotient. Zuntz, to whom we are especially indebted for the 
introduction of this method for computing the heat output, has pains- 
takingly computed the calorific value of oxygen with different respira- 
tory quotients, and these figures may be considered to-day as the best 
data that we have for the computation of the energy output from the 
measurement of the gaseous exchange. In the Zuntz laboratory, where 
practically all of the experiments carried out have been made upon 
adults with a mouthpiece or upon animals with tracheal fistulas, the 

Table 15. — Calorific equivalenU of carbon dioxide. 





Calorific value of 


T> • 


Calorific value of 


T> _ • 


Calorific value of 


Respira- 


carbon dioxide. 


Respura- 


carbon dioxide. 


Respira- 


carbon dioxide. 


tory 
quotient. 






tory 
quotient. 






tory 
quotient. 






Per liter. 


Per gram. 


Per liter. 


Per gram. 


Per liter. 


Per gram. 




cals. 


caU. 




cals. 


cals. 




cals. 


cals. 


0.70 


6.694 


3.408 


0.80 


6.001 


3.055 


0.90 


6.471 


2.786 


.71 


6.606 


3.363 


.81 


5.942 


3.025 


.91 


5.424 


2.761 


.72 


6.631 


3.325 


.82 


5.884 


2.996 


.92 


6.378 


2.738 


.73 


6.458 


3.288 


.83 


5.829 


2.967 


.93 


5.333 


2.716 


.74 


6.388 


3.252 


.84 


5.774 


2.939 


.94 


5.290 


2.693 


.76 


6.319 


3.217 


.85 


5.721 


2.912 


.95 


5.247 


2.671 


.76 


6.253 


3.183 


.86 


6.669 


2.886 


.96 


5.205 


2.660 


.77 


6.187 


3.150 


.87 


5.617 


2.860 


.97 


5.165 


2.629 


.78 


6.123 


3.117 


.88 


5.568 


2.835 


.98 


5.124 


2.609 


.79 


6.062 


3.086 


.89 


5.519 


2.810 


.99 
1.00 


5.085 
5.047 


2.689 
2.669 



determinations of the oxygen consumption are as accurate as are those 
of the carbon-dioxide production ; consequently Zimtz has utiUzed the 
calorific values of oxygen, and these have been given m tabular form 
in one of the pubHcations from his laboratory.^ Knowing the respira^ 
tory quotient, the calculation of the calorific value of carbon dioxide is 
a simple one. Since, in our respiration apparatus, the carbon-dioxide 
determinations for short periods are even more exact than are the deter- 
minations of the oxygen, we give in table 15 the calorific equivalents of 
carbon dioxide with the varying respiratory quotients, particularly as this 
table will be used extensively in the computation of our own researches. 
Since any form of indirect calorimetry must of necessity be somewhat 
speculative,^ one must always rely for fimdamental values upon direct 
heat measurements. Such measurements have been extensively made 

^Zuntz and Schtunburg, Physiologie des Marsches, Berlin, 1901, p. 361. 

^It will be noted that in this publication the computation of the ienergy derived from protein ia 
neglected and that the total energy output is computed only from the amounts of carbon dioxide 
and oxygen. The possible error in neglecting the protein has been computed by Magnus-Levy to 
be somewhat under 1 per cent, and as the determinations of nitrogen were not feasible in our studies, 
we have used the method of simple computation from the gaseous e](change as recommended by 
A. Loewy. (Loewy, Oppenheimer's Handbuch der Biochemie, Jena, 1911, 4, p. 281. See also, 
Magnus-Levy, yon Noorden's Handbuch der Pathologic des Stoffwechsels, Berlin* 1896, 1, p. 207.) 
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second, the graphic records of the muscular activity or muscular repose 
and the pulse-rate. The main object of the apparatus and its acces- 
sories is, therefore, to give an accurate measurement on small animals or 
infants of the carbon dioxide produced and the oxygen consumed, and 
an interpretable record of the degree of muscular activity or repose, 
accompanied by pulse observations. 

The carbon dioxide produced by the animal is completely absorbed, 
the amount excreted being determined by the increa^ in weight of the 
absorbing vessels. Gas analyses, with their attendant difficulties of 
technique, are therefore unnecessary. 
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Fig. 1. Schematic outline of respiration apparatus. 

The oxygen is determined directly by noting the amount it is neces- 
sary to introduce into the respiration chamber in order to secure the 
same volume of air in the chamber at the beginning and end of the 
experiment, making due allowance for changes in temperature, pressure, 
and water-vapor. While usually the amount of oxygen used is deter- 
mined by allowing oxygen to flow into the respiration chamber from a 
previously weighed cyUnder of the highly compressed gas and noting 
the loss in weight, it may Ukewise be accurately determined by passing 
the gas from a compressed cylinder through a carefully cahbrated gas- 
meter which is submerged in water to prevent gross temperature fluctu- 
ations. The general plan of the apparatus is shown in the schematic 
outline given in figure 1. 

As the infant gives off carbon dioxide and consumes oxygen, the air 
leaving the chamber is rich in carbon dioxide and water-vapor from 
the lungs and skin of the infant, contains a normal amount of nitrogen^ 
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this ideal test, we had to content ourselves with alcohol check tests of 
the following character: 

A small lamp, which was constructed from a 100 c.c. Erlenmeyer 
flask and partially filled with alcohol, was ignited and placed inside 
the respiration chamber. After a preUminary period of several minutes 
the air-current was deflected to the second set of purifiers, the proper 
readings taken, and several periods of 30 to 45 minutes each were 
carried out. Irrespective of the absolute amount of carbon dioxide 
absorbed by the soda lime or the total amount of oxygen admitted 
from the cylinder or measured by a meter, the relation between these 
two should be that obtaining in the perfect combustion of alcohol by 
oxygen. The respiratory quotient of alcohol, which can readily be 
computed, is found to be 0.666. Consequently the relationship between 
the amount of carbon dioxide absorbed and the amount of oxygen 
delivered through the meter or from the weighed cylinder was deter- 
mined and if this was found to be approximately 0.666, it was assumed 
that the apparatus was functionating perfectly. As a matter of fact, 
such an alcohol check test was made usually once a week throughout the 
whole experimental year with values varying but little from the theo- 
retical amount. 

Deferring for the moment the description of the method of calcula- 
tion, we give in table 16 the respiratory quotient for e^ery alcohol check 
test carried out with this apparatus, the results being, for the most part, 
within the limits of experimental error. 



Tablb 16. — Respiratory quotienU obtained in alcohol check experiments with the respiration 

apparatus for infants. 



Date. 


Quotient. 


Date. 


Quotient. 


Date. 


Quotient. 


1913. 




1913. 




1913. 




Jan. 9 . . . 


0.67 


Apr. 10 . . . 


0.68 


June 24 . . . 


0.68 


15... 


.68 


17... 


.67 


25... 


.66 


16... 


.68 


29... 


.67 


Sept. 27... 


.67 


28... 


.66 


May 9... 


.67 


30... 


.66 


29... 


.67 


15... 


.68 


Oct. 4... 


.66 


Feb. 25.. . 


.66 


17... 


.65 


7... 


.67 


Mar. 1 . . . 


.68 


23... 


.66 


9... 


.66 


14... 


.69 


June 5 . . . 


.66 


9... 


.67 


21... 


.68 


14... 


.70 


Dec. 11... 


.66 


28... 


.67 •■ 


18... 


.71 


1914. 




Apr. 4. . . 


.65 1 


19... 


.69 


Jan. 1 . . . 
13... 


.65 
.66 



COMPLETE SHORT-PERIOD ALCOHOL CHECK TESTS. 

Although the observations on infants reported in this pubUcation 
were based upon the accuracy of alcohol check tests involving only the 
determmation of the resph-atoiy quotient, it is desirable to record ftt 
this point the development of a method which provided for the testing 
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level of the alcohol m the burette was accurately read and the experi^ 
ment proper began. Thereafter it was only necessary to read this 
burette accurately with a lens at the end of each experimental period of 
30 to 40 minutes. 



L 



.,= S9^iS 




Fig. 4. Method of introducing alcohol in the alcohol check tests of respiration apparatus. 

The ventilating air-current was passed through the chamber at the 
rate of approximately 35 Uters per minute, and with a flame of this 
size and regularity in the introduction of alcohol the amount of carbon 
dioxide residual in the chamber at the end of each experimental period 
was usually very constant. Since, however, we were dealing with 
quantities of carbon dioxide amounting to 0.01 gram, it was necessary 
in this exceedingly exact work to determine the residual amount of 
carbon dioxide. This was obtained by drawing a sample of the air at 
the end of each period, and determining the amoimt of carbon dioxide 
by means of a modified^ Pettersson-Palmquist gas-analysis apparatus, 
which permits measurements of 0.5 or less per cent of carbon dioxide 
to the third significant figure. Its manipulation is very simple and 
has been rapidly acquired by a niunber of workers in the laboratory. 
It should be stated that these residual analyses were not required in 
the observations on infants at the hospital, but were necessary only to 
secure the greatest degree of refinement m estabUshing the accuracy of 

^Anderson, Joum. Am. Chem. Soc, 1913, 35, p. 162. 
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measurements having a high degree of accuracy may be secured 
with either. 

At this point emphasis should be laid upon the necessity of selecting 
a chamber of suitable size for the animal or the individual to be studied. 
The chamber having the smallest inner dimensions compatible with the 
comfort of the subject is to be preferred. 

Table 19. — Summary of measurements in alcohol check test of October 9, 191S, 





Carbon dioxide. 


Oxygen. 


Respi- 
ratory 
quo- 
tient. 






Time. 


Resid- 
ual in 
cham- 
ber. 


Carbon dioxide 
produced. 


Resid- 
ual in 
cham- 
ber.! 


Oxygen used. 


Carbon 
dioxide. 


Oxygen. 


1 

Found. Theory. 


Found. 


Theory. 


First period, 

ll»»30»a.m. 

ll>»30"a.m. 

to 
12^ 11» p.m. 


gram, 
0.20 

.15 


grains, 

• • • • 

3.07 


1 
grams, 

• • • • 

3.13 


liters, 
75.30 

• 

75.27 


grams. 

• • • • 

3.41 


grams, 

• • • • 

3.41 


• • ■ • 

0.65 


p, ct, 

• ■ • • 

98.1 


p, ct, 
100.0 


Second period, 
12*» 11» p.m. 
to 




















12^' 51" p.m. 
Total . . . 


.20 


2.96 


2.98 


75.18 


3.25 


3.25 


.66 


99.3 


100.0 


• • • • 


6.03 


6.11 




6.66 


6.66 


.66 


98.7 


100.0 



^Residual oxygen + nitrogen. 

Table 20. — Summary of measurements in alcohol check tests of the baby respiration apparatus 

and the dog respiration apparatus. 



• 

Date. 


Apparatus and time. 


Carbon dioxide 
produced. 


Oxygen used. 


Respi- 
ratory 
quo- 
tients. 


Percentage 
found. 


1 


• 

b 


1 


1 


11 


i 

1 


1913. 
Sept. 30 

Oct. 4 
Oct. 7 
Oct. 9 
Sept. 26 


Baby. 
2^ 23« p.m. to 2»» 63°» p.m. 

2 53 3 23 

3 23 3 49 

Baby. 
12>» 49» p.m. to 1^ 20™ p.m. 

1 20 1 52 

Baby. 
Ih 42in pm. to 2^ 18» p.m. 

2 18 2 54 

Baby. 
3*» 18°» p.m. to 3*» 58" p.m. 

3 58 4 38 

Dog. 
8^ 53" a.m. to 9^ 33" a.m. 
9 33 10 13 


gm, 

2.20 

2.24 

1.88 

2.33 
2.15 

2.70 
2.66 

2.65 
2.58 

2.92 
2.79 


gm, 
2.22 
2.30 
1.93 

2.31 
2.19 

2.76 
2.69 

2.61 
2.64 

2.99 
2.83 


gm, 
2.44 
2.49 
2.05 

2.57 
2.39 

2.94 
2.87 

2.86 
2.82 

3.22 
3.06 


gm, 
2.42 
2.51 
2.10 

2.52 
2.39 

3.01 
2.93 

2.85 

2.88 

3.26 
3.09 


0.655 
0.655 
0.655 

0.660 
0.655 

0.665 
0.670 

0.675 
0.665 

0.660 
0.665 


99.1 
97.4 
97.4 

100.9 
98.2 

97.8 
98.9 

101.5 
97.7 

97.7 
98.6 


100.8 
99.2 
97.6 

102.0 
100.0 

97.7 
98.0 

100.4 
97.9 

98.8 
99.0 



The 

itance, 
5 liters 
linute. 
ixperi- 
of the 
infant, 
low is 
)proxi- 

phuric 
bottle 
}le can 
loy an 

tains a 
at and 
>re the 
carbon dioxide produced by the infant is absorbed, it is important to 
remove this water-vapor entirely from the air. The current is there- 
fore first passed through two or more bottles containing concentrated 
sulphuric acid. Usually one large-sized Williams bottle (B) is sufficient 
to collect nearly all of the moisturej but this is followed by a second bottle 
(C),which retains the last traces of water- vapor.' To facilitate the hand- 
ling of the bottles and to prevent breakage, they are usually inclosed 
in a small wire basket with a handle, by means of which they may be 
suspended directly from a hook on the arm of the balance. When these 
two Williams bottles are used, it is possible to retain the first bottle in 
the circuit until the acid has so far accumulated as to render it hable 
to be carried over mechanically into the second bottle. Indeed, 100 
or 200 grams of water-vapor may be absorbed; it is fundamentally 
important, however, to note that the second WilUams bottle must not 
increase in weight more than 15 grams before being renewed. As a 
matter of experimental routine, it has been found advantageous to 
replace the first Williams bottle each day with another which has 
previously served in the quantitative absorption of carbon dioxide, 
replacing these bottles with new ones every other day. The second 
Williams bottle should be controlled by weighing every few days. 

Tubing and piping. — The Williams bottles, as well as the soda-lime 
bottles for absorbing the carbon dioxide, are fitted with short lengths 
of rubber tubing of good quality, to which are attached respectively 
male and female parts of ordinary garden hose coupling of the standard 



AFFABATUS AND METHODS USED IN THIS RESKABCH. 57 

A major change in position of the body of infants during the respira- 
tion experiment is not ordinarily to be expected. With animals there 
may be a change in the center of gravity of the body from one part 
of the cage to the other, and consequently a distension or shortening 
of the pneumograph with a corresponding increased or decreased ten- 
sion on the tambour. Under these conditions it has been found advan- 



Fio. S. Method of obtaining gr&phic record of muscular activity. 



tageous to place in the rubber tube leading from the respiration chamber 
to the tambour a glass tee tube, with a short rubber tube and pinch- 
cock on the open end. When the animal or infant has permanently 
or temporarily settled down in a new position and the tambour shows 
a distension or contraction, by opening the tee tube the normal pressure 
can ag^ be secured and the ciurves will proceed at the normal level. 



been found which are much less expensive and give a satisfactory 
ciosure. Such a needle valve is coupled to the exit of the cylinder, 
then closed, and the main valve on the cylinder is opened to its fullest 
extent. The issuing gas may then be very delicately regulated by 
means of the needle valve. With so high a pressure it is obvious that 
the packing around the main valve stem should be excellent, so as to 
give no opportunity for leakage of air. The valves may be tested by 
immersing the cylinder and valve under water or by weighing the 
cylinder carefully on a balance and Ihen again an hour later, when any 
loss of oxygen will be instantly apparent. 

Gas meter. — From many standpoints the use of a small weighable 
cylinder of oxygen is to be recommended. On the other hand there 
are certain advantages in favor of using an accurately calibrated gas- 
meter under such conditions as to preclude excessive temperature fluctua- 
tions. In our experiments with infants we have almost always employed 
a large cylinder of oxygen with a valve, conducting the gas through 
a carefully calibrated meter of the type devised by Bohr and manu- 
factured by the Dansk Maalerfabrik of Copenhagen. This gas meter 
registers one liter for each complete revolution of the drum. Being 



pipe, a, connects directly with the respiration fio. 3. Spi 

apparatus. By noting the position of the f.beiiQfspiromef . , 
pointer on the millimeter scale at the right, the ^I^';'b|"^';ii t°'J{ bath; a. 
exact height of the bell can be seen at any aii-pilie'coiincctmB mith 'the 
moment. Thereisnoparticularcompensation ■^^p'""'*'" app^raius. 
device used in connection with this spirometer to allow for the variations 
of the metal displaced as the bell enters or leaves the liquid ; consequently 
there are, theoretically at least, slight alterations in the tension with 
the different positions so that it is advantageous to have the bell in 
nearly the same position at the beginning and end of each experimental 
period. It is our practice at the beginning of an experiment, after 
taking an initial reading of the height of the bell, to introduce a volume 
of oxygen approximately that which it is assumed that the infant will 
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As yet no attempt has been made to measure the amount of increase 
in metabolism incidental to one complete revolution of the wheel, and 
it is a question whether quantitative values can be obtained with this 
device, especially for the comparison of results with different infants. 
But this method, which is inexpensive and simple, gives a general 
index of the degree of restlessness or muscular repose of infants, which 
should prove of value for ward use. This has already been shown in 
our more recent observations. 

J.R 
NOV. lA - NOV. I5.ipi3 





fi H— I " [ " h I * 'p H "4->Hvf-4- — / ■ l / ^ tt'i 'j4^ 

NOV. 17 - NOV. 16, IOI3 | I 

Fig. 9. Tjrpical kymograph curves obtained with the ward crib recorder. 
METHOD OF RECORDING THE PULSE-RATL 

Previous experiments with adults in the Nutrition Laboratory, in 
which the large respiration chambers were used, showed a striking 
relationship between the pulse-rate and the metabolism. Attempts 
were accordingly made to secure accurate pulse records in our observa- 
tions with infants. For this purpose we attached the bell of a small 
Bowles stethoscope to the infant over the apex beat of the heart by 
means of strips of adhesive plaster. A rubber tube connecting with 
the bell led to a pipe in the wall of the chamber, a piece of rubber tubing 
and the earpieces being attached to the outer end of the tube. Even 
with a total length of some 2 or 3 meters from the bell to the earpieces, 
it was possible to count the pulse-rate of the weakest infant. 

Since here again there is a direct connection between the inside of 
the chamber and the outside air, it is of the highest importance that the 
stethoscope and the rubber tube leading from it be tested for tightness. 
For this test, the stethoscope bell is inamersed in water, and a slight 
pressure is put upon the diaphragm by blowing through the rubber tube. 
If it is not found absolutely tight, a thin coating of vaseline on the edge 
of the diaphragm usually insures a complete closure. 

The importance of these pulse observations is so strongly impressed 
upon us that a special assistant is at present detailed in all of the experi- 
ments with infants for the sole purpose of recording the pulse-rate. 
The major muscular movements of the infant and any abdominal or 
chest sounds, such as grunting, sneezing, coughing, etc., may readily 
be heard through the stethoscope and are likewise regularly recorded 
upon the protocol sheet. It is also perfectly feasible to secure the 
respiration-rate in this way from time to time. 
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The chart for this infant during his stay in the hospital is given in 
figure 10. This shows curves for records of the body-temperatiu^, the 
pulse-rate, the respiration-rate, the body-weight, and the calories per 
kilogram of body-weight contained in the food. 



SSSfzi 
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37.crc 



Fio. 10. Hospital chart for F. B. 

One dejection in evening is indicated by — ; one dejection during day by | ; two dejections during 
day by 1 1. The records of the temperature were taken in the rectum. 

This infant weighed about 2 kilograms less than the average weight 
for the age, and 3 kilograms less than he would have weighed had he 
developed in the normal manner. He was very much imder weight, 
but gained consistently while in the hospital. He was considered to 
be in the convalescent stage of infantile atrophy. The daily records 
of the food, dejecta, and body-weight are given in table 21. 
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CLINICAL STATUS OF INFANTS. 

Table 22 summarizes the clinical status of each infant studied^ and 
gives the age of the infant during the metaboUsm observations. 

Tablb 22. — Climcal status of infanta studied. 





Age during 




Name. 


metabolism 
observation. 


Climcal status. 


F. B. 


5i months. 


Convalescent stage infantile atrophy. 


M. A. 


9 months. 


Under weight, splenic tumor, with anemia. 


J. B. 


5 months. 


Congenital syphilis, convalescent stage, infantile atrophy. 


L. B. 


4 months. 


Under weight. 


L. rC* B« 


4-4i months. 


Normal infant. 


A.C. 


l| months. 


Slightly under weight. 


M. C. 


4 months. 


Normal infant or slightly under weight. 


AD. 


4-5 months. 


Convalescent stage, infantile atrophy. 


M. D. 


2-3 weeks. 


Normal infant. 


R.E. 


4i months. 


Under weight or slightly imder expected weight. 


E. F. 


3 months. 


Normal infant. 


E.G. 


10 months. 


Normal infant. 


E. K. 


17 months. 


Much imder weight; rachitis, recovering from broncho-pneumonia. 


F. K. 


7 months. 


Under weight. 


A. L. 


3}-4 months. 


Under weight. 


E. L. 


4 months. 


Under weight, otitis media. 


XV. Xj. 


6^-9 months. 


Approximately normal; later, imder weight. 


D. M. 


11 months. 


Much under-weight, rachitis. 


F. M. 


4-5 months. 


Under weight, congenital syphilis. 


J. M. 


8 months. 


Under weight, otitis media, rachitis. 


M. M. 


4) months. 


Under weight following an acute indigestion. 


E.N. 


6} months. 


Under weight. 


L. 0. 


5-6 months. 


Infantile atrophy. 


J. P. 


6§-7 months. 


Under weight, gaining weight rapidly. 


W.P. 


5-5} months. 


Under weight. 


D. Q. 


4^ months. 


Under weight. 


£. Iv. 


3 months. 


Under weight (slightly). 


K.R. 


4 months. 


Infantile atrophy. 


A. S. 


3 months. 


Normal infant, weighing more than the average. 


E.S. 


5 months. 


Infantile atrophy. 


E. B[. S. 


2}-4 months. 


InfantUe atrophy. 


G.S. 


2} months. 


Under weight. 


J. S. 


5-6 months. 


Infantile atrophy 7 (temperature not subnormal). 


P. S. 


12 months. 


Under weight. 


H. T. 


5} months. 


Normal infant, weighing more than average. 


J. v. 


3}-9 months. 


Prematurity; congenital sjrphilis; infantile atrophy in subnormal 
temperature, and convalescent stage. 


P.W. 


7 months. 


Normal infant. 



RESULTS OF OBSERVATIONS ON THE GASEOUS EXCHANGE. 

With an investigation extending over so many months and dealing 
with so many subjects as were used in this research, it is obviously 
impracticable to present protocols for each observation. On the other 
hand, as the carbon-dioxide production, oxygen consumption, pulse- 
rate, and muscular activity were accurately recorded in each experi- 
mental period, it seemed desirable to present the data in permanent 
form. This is done in table 23. 

Accordingly, the carbon-dioxide production per hour, respiratory 
quotient, average pulse-rate, and the estimated activity are given for 



STATISTICS OF OBSERVATIONS. 



85 



Table 23. — ResuUa of observations on the gaseous exchange ef infants — Ck>ntinued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 


Sex, age, and 
weight without 
clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


period. 


produced 
per hour.* 


quotient. 


pulse-rate. 


activity. 


1913. 


M, A, (cont.). 


mins. 


Qm, 








Nov. 17* 


6.73 kilos 


36 
36 
30 


6.45 

4.87 
6.00 


• • • • 

} 0.80 1 


123 
103 
108 


VI 

II 

III 




Nov. 18* 


6.50 kilos 


26 
29 


6.28 
4.86 


• • • • 


126 
116 


VI 

V 








30 


6.30 


0.78 


118 


IV 






25 


6.69 




134 


VI 


Nov. 18* 


6.48 kilos 


17 
27 


4.73 
4.64 


• • • • 


117 
110 


IV 

III 








30 


6.00 


0.73 • 


114 


III 






34 


6.49 


J 1 


118 


V 




F, B., mdUt 6\ mas. 












Apr. 23 


4.76 kilos 


10 
30 


7.38 
6.44 


.... 


127 
112 


IV 

II 








20 


7.68 




122 


III 






30 


6.42 


0.87 " 


112 


IT 






30 


6.74 




117 


II 






29 


6.60 




107 


II 


Apr 24» 


4.83 kilos 


11 
28 


7.47 
6.19 


«... 


123 
112 


IV 
II 








29 


6.16 




117 


III 






22 


4.80 


0.86 


107 


I 






23 


6.22 




114 


I 






30 


6.74 




138 


VI 


Apr. 26 


4.76 kilos 


14 
20 


6.69 
6.68 


.... 


118 
111 


TIT 
II 








30 


6.14 




110 


III 






18 


6.30 


0.86 


107 


ni 






20 


6.27 




113 


IV 






26J 


6.11 




101 


II 


Apr. 29 


6.15 kilos 


14 
23 


6.91 
6.79 


.... 


126 
119 


II 
I 








26 


6.07 




121 


m 






24 


6.88 


' 0.88 - 


114 


III 






22 


6.41 




116 


IV 






26 


6.38 


4 


108 


II 




/. B., male, S mas. 












Mar. 15 


3.23 kilos 


11 
41 


3.71 
3.96 


• • • • 


109 
113 


II 

IV 








27 


3.76 


' 0.94 


103 


II 






21 


2.94 




94 


II 






16 


4.08 


• • • • 


102? 


UI 



'Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all dasrs are omitted in computing the minimum metabolism. See table 31, p. 142. 

'Last feeding was about 6 hours previous to these observations. 

'Last feeding was about 20 hours previous to these observations. Sterile water was substi- 
tuted for food at subsequent times of feeding. 

*Last feeding was about 26 hours before these observations. Sterile water was given in 
place of food at subsequent times of feeding. 

^Last feeding was about 7 hours previous to these observations. Sterile water was substi- 
tuted for food at subsequent times of feeding. 
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Table 23. — BesuUs of obaervaiions on the gaseous exchange of infants — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in niunber; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 


Sez, age, and 

weight without 

clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


period. 


produced 
per hour.^ 


quotient. 


pulse-rate. 


activity. 


1913. 


/. B. (cont.). 


mins. 


gm. 








Mar. 17 


3.23 kilos 


12 
30 


5.35 

3.88 


• • • • 


96 
97 


II 
11 








21 


4.14 


0.96 < 


106 


IV 






26} 


3.35 


87 


I 






20} 


4.10 


k 


• • • 


IV 




L. B,^ female, 4 fno8» 












Feb, 1 


4.06 kilos 


12 
30 


5.85 
3.80 


• • • • 


135 
127 


V 

II 








30 


4.14 




133 


I 






30 


3.84 


0.84 


123 


I 






30 


3.90 




122 


I 






30 


3.84 


. 


120 


III 


Feb. 3 




10 
30 


6.00 
4.00 


• • • • 


139 
127 


IV 

II 








37 


5.04 


0.91 


133 


V 






18 


4.33 


. 


125 


IV 


Feb. 4 


4.04 kilos 


30 
17 


4.24 
4.76 


• • • • 

• • • • 


121 
127 


IV 
V 








17 


5.96 


• • • • 


130 


VI 


Feb. 5 


4.01kiloB 


13 
30 


4.94 
4.08 


• • • • 


135 
121 


V 

III 








27 


5.40 


0.92 


138 


V 






19 


5.34 


b 


136 


VI 






14 


5.61 


• • • • 


127 


V 






30 


4.22 


' 


119 


TI 






30 


4.04 


0.95 


121 


UI 






30 


4.12 




117 


ITT 




L. R. B., female^ moa. 












Nov. 1 


6.08 kilos 


17 
27 


6.28 
4.64 


• • • • 




V 
III 








55 


6.08 


0.80 




VI 






30 


4.30 


t 




III 


Nov. 3 


6.05 kilos 


30 
50 


4.62 
6.14 


\ 0.85 




II 
VI 




Nov. 3« 


5.93 kilos 


23 
23 


6.68 
4.36 


• • • • 


137 
106 


VI 
III 








26 


4.18 


• 0.77 


113 


IV 






30 


4.20 




107 


I 


Nov. 4» 


5.95 kilos 


29 
30 


4.12 
4.52 


0.73 • 


102 
110 


II 
II 








29 


4.14 


► 


103 


III 


Nov. 4* 


5.95 kilos 


51 
29 
35 


5.96 
4.39 
5.54 


• • ■ • 


• • • 
t • • 

124 


VI 

II 

VI 





^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

'Last feeding was about 4} hours before these observations, sterile water being given in place 
of food at tiie next time of feeding. 

'Last feeding^^was about 19} hours before these observations. Sterile water was substituted 
for food at subsequent times of feeding. 

'Last feeding was about 24 hours before these observations. Sterile water was given in place 
of food at subsequent times of feeding. 



STATISTICS OP OBSERVATIONS. 



[I, Very quiet, probably 
generally quiet; IV, 
aU of the time.] 



■BeauUa of cinervationi an the gtueoui exchange ef wfaiUi — Ccmtiiiued. 

Some activi^, but 



; VI, Very &ctiTe, most o 





Sex. ace, and 

■nagbt without 

clothing. 


Length of 


Carbon 
dioxide 




Average 


Relative 




period. 


per hour.' 


quoUeot. 


pulse-rate. 


activity. 


1913. 


£.B.B.(cont.),^imo.. 


mins 


am. 








Nov. B 


6.00 kilos 


28* 


6.43 




120 


VI 






80 


4.70 




105 


III 






22 


6.73 


0.83 


119 


V 






30 


4.70 


106 


II 






22 


4,96 




110 


III 




A. C./emale, li mos. 












Msi.19 


3.00 kOoa 


10 
30 


3.48 
2.20 




138 
120 


IV 

I 








27 


2.40 


0,84 


120 


III 






a 


2.24 


110 


u 






2.81 




132 


IV 


Mar. 20 


3.02kiIoB 


26 
30 


3.35 
2.40 




142 
131 


III 
n 








24 


2.63 


093 


128 


n 






271 


2.23 




120 


n 


Mar. 24 


2.95 yios. 


32 


2.94 




139 


m 






30 


2.48 




131 


I 






30 


2.84 


0.88 


141 


m 






27 


2.64 


132 


II 






26 


3,02 




130 


III 


1914. 


af.C../<™ok,4'nM. 












Jan. 1 


e.DS kilos 


lOi 


6.23 




119 


VI 






26 


4.42 




99 


II 






26 


4.78 


0.84 


100 


u 






37 


4.52 


107 


II 






20 


6.09 




124 


VI 


Jan. 2 


6.20 kilos. 


20 
S3 


«.64 
5.22 


1 


121 
102 


V 

n 








23 


4.67 


0.88 ■ 


102 


UI 






30 


fi,08 


J 1 


122 


VI 


Jan. 3 


6.26 kUos 


24i 
26 


8,56 




124 
99 


VI 

II 








22 


6^84 


y 0,86 


107 


V 






31 


6.13 


J 


108 


11 


Jan. 6 


6.03kilOB 


431 


0.30 




136 


VI 






25 


4.75 


i).90 


121 


IV 




A.D../tmaU,i7not. 












Apr. 28 


2.66 kilos. 


46 


4.43 




128 


V 






M 


3.04 


6^83 


126 


V 


May » 


2.96 kUos. 


20 


3,27 




112 


III 






23 


3,34 




121 


III 






24 


3.00 




110 


I 






22 


2,75 


0.89 


loe 


II 






30 


2.86 




loe 


tl 






20 


2,76 




99 


II 






20 


4,71 




146 


VI 



'Calculated from the weight of carbon dioxide produced duiing the period. The prelimiuary 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

liBst feeding wa« about 7 houri previous to these observations. Stoiile watw was substi- 
tuted tor food at subsequent times of feeding. 
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GASEOUS METABOLISM OF INFANTS. 



Tablb 23. — BeauUa of ch^ervaJtUms on the gcaeoua exchange of infanU — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
aU of the time.] 



Date. 


Sex, age, and 

weight without 

clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


period. 


produced 
per hour.^ 


quotient. 


pulse-rate. 


activity. 


1913. 


A,D, (oont.),^} mos. 


mins. 


gm. 








May 12 


3.01 kilos 


14 
30 


4.54 
4.20 


■ • • • 


127 
131 


I 
UI 


V^ * ^^ ^m tf^iAA^^Ik^A #SV9V*w * 9 9 






32 


4.18 


0.90 < 


131 


IT 






30 


3.56 


116 


I 






33 


3.71 


/ 


123 


II 


May 15^ 


3.20 kUos 


21 


5.14 


.... 


143 


V 


^■f 




30 


3.80 




124 


UI 






29 


3.37 


> 0.94 < 


111 


n 






19 


3.98 


123 


IV 






28 


5.74 


* 


154 


VI 


May 19* 


3.23 kilos. 


14 


3.13 


.... 


115 


I 


■F 




30 


3.10 


' 


120 


II 






25 


3.02 




113 


I 






31 


3.12 


0.77 


117 


III 






23 


2.66 




104 


I 






30 


3.74 




128 


V 




A. D, (cont.), 6 moB. 












May 24 


3.43kiloa. 


31 


5.83 


• • • • 


137 


V 






24 


4.28 


f 


118 


III 






30 


4.30 


> 0.92 < 


127 


n 






26 


3.60 


113 


I 






30 


3.92 




124 


nr 




M. 2>., male, 2 weeks. 












Mar. 8 


4.08 kilos. 


19 
30 
30 


3.95 
3.14 
4.64 


.... 

1 0.86 1 


150 
136 
152 


IV 

IV 

V 


dbV^^^^ m^^t^^^m^w •••••••••• 


Mar. 10 


3.97 kilos. 


17 
21 


3.67 
3.00 


• • • • 


145 
144 


IV 

III 








30 


2.92 




140 


in 






30 


3.00 


0.80 


140 


m 






30 


2.86 




135 


n 






25 


2.74 




131 


in 


Mar. 11 


4.00 kilos 


30 
30 


2.90 
2.66 


' 


133 
129 


IV 

III 








30 


2.88 


0.84 


123 


111 






30 


2.60 




121 


11 






20 


3.99 




137 


IV 




Jf.D. (cont), S weeks. 












Mar. 14 


4.00 kilos. 


22 
37 


3.08 
3.47 


0.83 


128 
132 


IV 

V 








24 


4.15 




149 


VI 



^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all dxy^ are omitted in computing the minimum metabolism. See table 31, p. 142. 

'Last feeding was about 3 hours before these observations, sterile water being given in place 
of food at the time of feeding preceding these observations. 

^Last feeding was about 21 hours previous to these observations. Sterile water was substi- 
tuted at subsequent times of feeding. 
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Table 23. — ReauUs of obserwstiona on the gaseous exchange qf infatnU — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in nimiber; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 



1913. 
Dec. 4 



Dec. 4« 



Dec. 6> 



Dec. 6* 



Dec. 9 



Dec. 12 



Dec. 2 



Dec. 3 



Nov. 26 



Nov. 27 



Sex, age, and 

weight without 

clothing. 



6.10 kilos 

5.03 kilos 

5.00 kilos 

4.95 kilos 

5.03 kilos 

5.00 kilos 

B.F,,mdletSmos, 
7.05 kilos 

7.08 kilos 

E. O,, male, 10 mo8. 
9.43 kilos 



9.45 kilos. 



Length of 
period. 



mine, 
41 
24 
23 
21 

46} 
22 
32 
29 

16J 

30 

24 

30 

30 

15 

29 

111 

19 
31 
33 
31 

73 
26 

18i 

31 

26 

32} 

25 

24 

16* 
31 

23 

23 

30 

30 

47J 

32 

19J 



Carbon 

dioxide 

produced 

per hour.^ 



Om, 
6.64 
4.55 
4.70 
6.14 

5.89 
4.45 
4.22 
4.04 

4.22 
3.92 
4.08 
3.90 
5.18 

4.36 
3.68 
6.46 

5.94 
4.63 
4.36 
5.54 

7.61 
4.32 

8.98 
4.20 
8.45 

9.32 
4.70 

8.78 

6.77 
6.70 
6.63 
5.97 
6.78 
8.44 

7.71 
6.36 
6.74 



Respiratory 
quotient. 



1 0.72 I 



} 
} 



} 



0.83 



• • • • 



0.82 



0.74 



• • • • 



0.74 



0.99 



• • • • 



0.81 



0.89 



0.72 



0.76 



{ 
{ 



{ 



Average 
pulse-rate. 



129 
114 
118 
137 

141 
121 
115 
117 

106 
109 
115 
114 
137 

119 
119 
141 

133 
114 
115 
131 

140 
113 

146 
109 
140 

140 
113 
137 

112 
119 
115 
111 
120 
133 

116 
109 
115 



Relative 
activity. 



VI 

rv 
II 

V 
VI 

III 
III 

IV 

ni 
II 
II 
II 

V 

III 
III 

VI 
V 

III 
II 

VI 

VI 
IV 

VI 

II 

VI 
VI 

m 

VI 

II 

V 
IV 

II 
II 

VI 
VI 

II 

IV 



^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

^Last feeding was about 6 hours before these observations. Sterile water was substituted 
for food at subsequent tames of feeding. 

'Last feeding was about 18} hours previous to these observations. Sterile water was given 
in place of food at subsequent times of feeding. 

^Last feeding was about 24 hours before these observations. Sterile water was substituted 
for food at subsequent times of feeding. 
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GASEOUS METABOLISM OF INFANTS. 



Table 23. — Results of observations on the gaseous exchange of imfcmts — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately actiye; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 


Sex, age, and 

weight without 

clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


period. 


produced 
per hour.^ 


quotient. 


pulse-rate. 


activity. 


1913. 


E. 0. (cont.) 


mvna. 


Qtn, 








Nov. 2r 


9.45 kilos 


18 
30 


6.77 
6.76 


• • • • 


105 
98 


I 
I 








28 


6.11 


' 0.71 ' 


104 


II 






30 


6.94 


V 


100 


IV 


Nov. 288 


9.13 kilos 


17i 
26 


6.68 
6.70 


• « • • 


111 
116 


III 
V 








26 


6.81 


' 0.72 


113 


IV 






30 


6.94 


108 


II 






26 


7.87 


t \ 


137 


VI 


Nov. 28* 


9.20 kilos 


34 
31 


7.13 
6.46 


• • • • 


115 
112 


V 
IV 


V^vAVX^ M^ mM \^^0 •■•• • •• V •• • 






32 


6.11 


► 0.70 ' 


110 


III 






21 


6.03 


112 


IV 






26 


7.75 


i t 


126 


VI 




E,K,,male,17mo8, 












Dec. 16 


8.03 kilos 


72 
29 
29 


7.84 
6.70 
6.83 


• • • • 

} 0.80 1 


116 
105 
105 


V 

II 
II 


^^%^^\^ •• AA^^Ikf ••• VVVS •• • • 




F.K.,male,7mo8. 












May 2 


5.68 kilos 


22 
16 


7.46 
6.34 


• • • • * 


138 
121 


VI 

IV 








22 


6.40 


> 0.84 • 


109 


I 






30 


6.96 


116 


III 






30 


7.68 


J ... I 


141 


V 


May 3* 


6.68 kilos 


13 
20 


6.69 
5.13 


• • • • 


129 
109 


V 

I 


%^9^M^^ •• AA^#^ft# #V4# ## #S % ■ ■ 






27 


6.62 


0.78 ' 


122 


II 






20 


8.94 


/ 


168 


VI 


May 6* 


6.70 kilos 


14 
23 


7.24 
6.30 


.... 


128 
108 


V 

III 


^r # V ^r Mt^im^i^^wm AVV«9VSS~** 






32 


5.64 


» 0.84 


118 


III 






24 


5.30 


111 


II 






20 


6.78 


/ 


136 


V 


May 6 


6.70 kilos 


19 
20 


7.39 
6.73 


.... 


136 
112 


VI 

II 


^^ * ■ ^^ •• AA^^ik# •■•#••••••• 






20 


6.82 




112 


II 






23 


6.37 


0.89 


119 


IV 






21 


5.71 




109 


HI 






30 


5.98 


/ 


119 


III 



^Calculated from the weight of carbon dioxide produced diuing the period. ThepreUminaiy 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

'Last feeding was about 6} hours before these observations. Sterile water was given in place 
of food at subsequent times of feeding. 

'Last feeding was about 19} hours previous to these observations. Sterile water was substi- 
tuted in place of food at subsequent times of feeding. 

*Last feeding was about 24} hours before these observations. Sterile water was given in 
place of food at subsequent times of feeding. 

^Last feeding was about 3 hours previous to these observations, sterile water being substir 
tuted for food at the next time of feeding. 

*Last feeding was about 6 hours previous to these observations. Sterile water was given in 
place of food at subsequent times of feeding. 
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Table 23. — Results of observations on the gaseous exchange of infants — Ck>ntinued. 

[I, Very qmet, probably asleep; II, Slight movements, few in nimiber; III, Some activity, but 
generally qmet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 



1913. 
May 7* 



Sex, age, and 

weight without 

clothing. 



F. K. (cont.) 
5.75 kilos 



May 9« 5.72 kilos. 



June 14 
June 16 

June 20 
June 23* 
June 24* 



A, L,j female ,5} moB, 
3.10 kilos 



3.10 kUos. 



3.14 kilos. 



3.13 kilos. 



June 28 



May 17 



May 20 
May 21* 

Mar. 3 



3.20 kilos. 



A. L. (cont.), 4 fnoB, 
3.16 kilos 



E. L., maht 4 ^'no^' 
4. 15 kilos 



4.25 kilos 

4.30 kUos 

R, L., male, 6i mos 
8.10 kilos 



Length of 
period. 



mins. 
14 
23 
19 
32 

18 
18 
21 
20 

21 

60 
15 
23 

82 
32 

20 

44 

14 
21 
24 

42 
17 
22 
36 

12 
23 
24 
30 
30 
29 

25 
49 

13 

47 

30 
30 
30 
30 



Carbon 

dioxide 

produced 

per hour.i 



gm, 
7.11 
5.03 
5.49 
8.06 

7.60 
5.30 
4.89 
7.20 

5.11 

4.82 
4.28 
4.77 

6.18 
6.69 

5.37 
6.52 

4.11 
3.00 
4.45 

4.73 
3.42 
5.21 
5.17 

5.75 
4.28 
4.98 
4.32 
4.90 
4.39 

6.07 
6.39 

4.48 
6.87 

6.20 
6.54 
6.84 
6.66 



Respiratory 
quotient. 



} 















78 



77 



89 



88 



81 



83 



0.92 

• • • • 

0.93 
0.87 



Average 
pulse-rate. 



{ 



1 



133 
103 
113 
160 

138 
113 
105 
159 

136? 

127 
110 
138 

145 
157 

142 
161 

119 
112 
133 

118 
101 
125 
137 

136 
126 
134 
127 
130 
132 

149 
158 

128 
159 

112 
117 
121 
126 



Relative 
activity. 



V 

II 
III 
VI 

VI 

III 
II 

VI 

VI 
VI 

I 

V 

VI 
VI 

VI 
VI 

IV 

II 

VI 
V 

II 

VI 
VI 

UI 

II 

lU 

I 

UI 

m 
rv 

VI 

I 

VI 

II 

II 

III 

II 



^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

^Last feeding was about 9 hours previous to these observations. Sterile water was substituted 
for food at subsequent times of feeding. 

'Last feeding was about 21 hours previous to these observations. Sterile water was substi- 
tuted for food at subsequent times of feeding. 

*0n Jime 23 and 24 the last feeding was about 3 hours previous to the observations, sterile 
water being given in place of food at the next time of feeding. 

^Last feeding was about 3 hours previous to these observations. Sterile water being given 
in the place of food at the next time of feeding. 



92 



GASEOUS METABOLISM OF INFANTS. 



Tablb 23. — BesiiUs of observaHom an the gcmou^ exchange of infanU — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some aetiyity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Veiy active, most or 
all of the time.] 



Date. 


Sex, age, and 

weifi^t without 

clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


period. 


produced 
per hour.* 


quotient. 


pulse-rate. 


activity. 


1913. 


R, L, (cont.) 


mins. 


QlUm 








Mar. 4 


8.09 kilos 


22 
30 


9.38 
7.62 


• • • • 


138 
129 


V 
IV 








30 


6.84 


' 0.87 < 


128 


m 






30 


8.06 


137 


V 






30 


7.20 




130 


III 


Mar. 7 


7.97 kilos 


61 


8.28 


• • • • 


141 


VI 


R. L. (cont.), 8i mo8. 


Apr. 26 


7.68 kilos 


26 
20 


8.18 
7.65 


• • • • 


138 
137 


III 

IT 








30 


7.54 


0.88 


137 


IT 






26 


7.75 


i 


149 


rv 


May 9 


7.26 kilos 


20 
21 


8.46 
6.89 


• • • • 

0.89 


125 
119 


V 

rv 




May 10 


7.18 kilos 


32 
26 


7.31 
5.91 


• • • • 

0.81 


115 
105 


V 

II 




May 13 
May 14* 


7.26 kilos 


40 

16 
20 


8.30 

7.96 
6.78 


• • • • 

• • • • 


131 

119 
110 


VI 

rv 
n 


7.26 kilos 








22 


6.74 




114 


III 






22 


7.06 


• 0.86 


107 


rv 






30 


6.90 




107 


III 






18 


7.50 




114 


IV 


May 16* 


7.30 kilos 


23 
20 


6.99 
5.64 


.... 


125 
110 


V 

u 








30 


6.40 




114 


lU 






26 


5.93 


0.74 


110 


in 






29 


6.14 




113 


m 






28 


6.66 




111 


rv 




2>. M; maU, 11 mos. 












Mar. 26 


6.21 kilos 


32 
46 


7.13 
6.53 


• • • • 

r 


151 
138 


VI 
V 








22 


5.43 


' 0.89 


123 


in 






30 


7.66 




147 


VI 


Mar. 27 
Mar. 31 


6.28 kilos 


66 

16 
30 


9.39 

8.48 
6.26 


• • • • 
■ ■ • • 


176 

161 
140 


VI 
V 

ill 


6.16 kilos 








30 


6.04 




132 


m 






16 


5.48 


* 0.84 


121 


ni 






26 


5.77 


127 


rv 






30 


5.24 




115 


n 






17 


5.75 


^ 


120 


in 



K^alculated from the weight of carbon dioxide produced diuing the period. The preliminaiy 
periods for all days are omitted in computing the minimum metabolism. See table 81, p. 142. 

*Last feeding was about 3 hours previous to these observations, sterile water betiiff given in 
place of food at the next time of feeding. 

'Last feeding was about 21 hours previous to these observations. Sterile water was sab- 
•tituted for food at subsequent times of feeding. 
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Table 23. — ResuUa of obaervaHons on the gaseous exchange of infants — Continued. 

[I, Very qmet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Dafp 


Sex, age, and 

weight without 

clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


xynLC 


period. 


produced 
per hour.^ 


quotient. 


pulse-rate. 


activity. 


1013. 


F. Af ., tnalet 4 mos. 


mins. 


Om, 








Jan. 22 


3.57 kilos 


36 
26 


7.37 
4.75 


• • • • 


140 
127 


VI 
IV 








30 


5.06 


> 0.89 ' 


127 


V 






40 


4.27 


118 


III 






30 


4.48 




116 


II 


Jan. 23 


3.52 kilos 


77 
30 


7.27 
4.02 


• • • • 


152 
119 


VI 

II 


%^ w^^ mu mim m m \^ ^^ ••« • • • ••• •• 






30 


4.46 


0.86 


123 


II 






30 


4.00 


k 


116 


I 




F, M. (cont.), S mo8. 












Feb. 20 


3.86 kilos 


57 
27 


7.53 
7.40 


• • • • 

• • • • 


147 
141 


VI 
VI 








30 
30 


4.86 
4.70 


} 0.83 1 


119 
118 


III 
II 




J. Af ., malet 8 moa. 












Apr. 2 


5.54 kilos 


30 


6.82 


\ 


121 


II 






23 


7.25 




122 


II 






24 


7.63 


0.87 ' 


125 


IV 






20 


7.02 


119 


III 






13 


8.35 




132 


IV 






25 


6.04 


< 


115 


u 


Apr. 4 


5.72 kilos 


10 


8.70 


.... 


132 


V 






25 


7.08 


' 


112 


I 






30 


7.40 




113 


III 






23 


7.38 




111 


IV 






18 


6.70 


0.89 


102 


II 






30 


7.34 




112 


IV 






16 


6.41 




97 


I 






20 


8.49 




115 


VI 




M, M; female^ 4 ^'"^8, 












June 2 


5.43 kilos 


20 
23 


5.91 
4.38 


• • • • 

• • • • 


113 
95 


V 

I 








22 


4.58 


■ • • • 


101 


HI 






24 


6.18 


• • • • 


118 


VI 


June 3* 


5.46 kilos 


27 
25 


4.00 
4.34 


• 0.87 - 


96 
99 


II 
II 








30 


4.28 


. 


96 


II 


June 5* 


5.55 kilos 


28 
30 


4.84 
3.66 


.... 


107 
93 


V 

I 


^^•^^^^ m^imm^^t^ ••••••••••■ 






21 


4.06 


> 0.77 < 


96 


III 






27 


3.80 


90 


II 






25 


4.85 




113 


VI 



^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all days are omitted in computing the minJTnum metabolism. See table 31. p. 142. 

'Last feeding was about 3 hours previous to these observations, sterile water being substituted 
for food at the next time of feeding. 

^iast feeding was about 9 hours previous to these observations. Sterile water was given in 
place of food at subsequent times of feeding. 
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Table 23. — ResuUs of observaJtions on the gaseous exchange of infanU — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VT, Very active, most or 
all of the time.] 



Date. 


Sex, age, and 

weight without 

clothing. 


Length of 
period. 


Carbon 

dioxide 

produced 

per hour.* 


Respiratory 
quotient. 


Average 
pulse-rate. 


Relative 
activity. 


1913. 


M. M. (cont.). 


mins. 


gm. 








June 7* 


5.40 kilos 


16 
28 


4.95 
3.62 


• • • ■ 


Ill 
98 


VI 

I 








19 


4.52 




104 


IV 






30 


3.64 


0.74 


96 


II 






30 


3.64 




99 


II 






20 


5.46 




127 


VI 




E. AT., female, 6 mos. 












May 21 


5.40 kilos 


52 
19 


9.10 
7.36 


• • • • 

1 


150 
134 


VI 
VI 


%^V ^b^^ A&AA^^M# ••• ••• • •■• 4 






20 


4.98 


► 0.90 


109 


I 






20 


5.52 


< 


121 


II 


May 22» 


5.40 kilos 


23 


5.48 


\ 


119 


II 






23 


5.40 




117 


I 






20 


5.49 


0.92 


112 


I 






32 


5.42 




115 


I 






20 


6.99 


4 


139 


V 


May 23* 


5.41 kilos 


72 


7 83 




152 


VI 




%^ m ^m ^m mi^A^\^m0 ••• ••••• • •• 


19 


4.52 


• • • • 


109 


I 






22 


5.07 


0.80 < 


116 


I 






20 


4.56 


106 


I 






20 


5.10 




124 


I 


May 26* 


5.25 kilos 


15 


6.16 


• • « • 


126 


IV 






20 


4.50 


' 0.78 < 


104 


I 






30 
30 


4.82 
4.84 


112 
113 


I 

I 






31 


5.81 


k 


140 


V 


May 28* 


5.38 kilos 


20 


5.55 




118 


III 




%^ w%^\^ M^ » » ^^ mf •••• •• • •• • • 


25 


4.92 


\ / 


106 


I 






21 


5.09 




111 


I 






22 


5.10 


' 0.86 


103 


I 






25 


5.21 




110 


II 






23 


4.62 


k 


105 


I 


May 29* 


5.45 kilos 


14 
27 


5.79 
5.31 


• • • • 


124 
116 


III 
II 








30 


5.54 


► 0.88 < 


116 


II 






27 


5.82 


115 


III 






20 


5.40 


\ 


110 


III 




E. N, (cont.) 6^71108, 












May 313 


5.48 kilos 


18 


6.97 


• • • • 


117 


III 


•^ 




25 


5.33 


/ 


104 


I 






24 
23 


5.65 
5.19 


' 0.90 I 


114 
105 


II 

I 






20 


6.78 


t 


130 


V 



^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

'Last feeding was about 21 hours before these observations. Sterile water was given in place 
of food at subsequent times of feeding. 

'Last feeding was about 3 hours previous to these observations, sterile water being substi- 
tuted for food at the next time of feeding. 

*La8t feeding was about 9 hours previous to these observations. Sterile water was substi- 
tuted for food at subsequent times of feeding. 

'Last feeding was about 4 hoiirs before these observations, sterile water being given in plao^ 
of food at the next time of feeding. 
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Table 23. — Results of observatians an the gaseous exchange of tn/anfe— Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 


Sex, age, and 

weight without 

clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


period. 


produced 
per hour.* 


quotient. 


pulse-rate. 


activity. 


1913. 


L. 0., male, 6 mos. 


mins. 


gm. 








Feb. 10 


2.99 kilos 


32 
30 


3.60 

3.88 




106 
105 


Ill 
IV 








30 


3.98 




110 


IV 






30 


3.92 




109 


IV 


Feb. 12 


2.98 kilos 


30 
19 


3.82 
3.98 


• 


110 
102 


III 
III 








30 


4.14 




109 


IV 






30 


4.20 




113 


IV 




L. 0. (cont.), 5i mos. 












Feb. 18 


3.05 kilos 


30 
30 


4.00 
3.90 


^ 0.88 ' 


119 
114 


III 
III 


\^9^^%^ 4^AA^^M^ ••■• • • • ••• ■ 






30 


4.08 


121 


IV 






30 


3.86 


115 


IV 


Feb. 24 


3.18 kilos 


10 
20 


4.80 
4.35 


• • • • 


110 
113 


V 
IV 








22 


3.63 




99 


II 






30 


4.12 


' 0.87 


111 


III 






30 


3.86 




103 


III 






30 


3.94 


. k 


103 


II 


Feb. 25 


3.15 kilos 


12 
30 


6.86 
4.28 


.... 


116 
111 


V 
IV 








30 


4.22 




107 


II 






30 


3.84 


0.902 


100 


III 






30 


4.04 




104 


V 






30 


4.18 




111 


IV 


Feb. 28 


3.12 kilos 


30 
30 


4.06 
4.06 


• 


112 
103 


III 
11 








30 


3.90 


0.95 


102 


II 






26 


4.20 




125 


VI 






30 


4.30 


. 


119 


IV 


Mar. 1 


3.15 kilos 


11 
30 


4.42 
4.00 


« • • • 


111 
105 


IV 

: III 








30 


4.06 




107 


II 






30 


3.68 


0.97 ■ 


93 


I 






30 


4.12 




107 


V 






30 


4.32 




105 


IV . 




L.O. (cont.), 5 mo«. 






, 


• 




Mar. 7 


3.31 kilos 


10 
30 
22 


6.52 
4.04 
4.25 


• • ■ • 

} 0.96 / 


121 
109 
116 


VI 

III 

V 




Mar. 12 


3.31 kilos 


30 
20 


4.30 
4.74 


' 


123 
129 


II 
III 


%^ * V^ ^m Aa ■ > ^m «/ •V*9S •• • > •• 






30 


4.62 


0.89 


130 


IV 






23 


4.62 




122 


III 




1 


30 


6.14 


. 


138 


V 



^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all dayv are omitted in computing the minimum metabolism. See table 31, p. 142. 
'Determined for the time included in the first two and the last two periods. 
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Table 23. — ReaviU cf chBerwxtions on the gaseous exchange of infante — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VT, Very active, most or 
all of the time.] 



Date. 



1913. 
Oct. 31 



Nov. 6 



Nov. 7 



Nov. 10 



Nov. 10« 



Nov. 11» 



Nov. 11* 



Jan. 27 



Jan. 29 



Sex, age, and 

weight without 

clothing. 



/. P., male, 6\ mos. 
6.40 kUos 

5.60 kilos 

5.65 kilos 

5.55 kilos 

6.40 kilos 

5.35 kilos 

J. P. (cont.), 7 moe 

5.30 kilos 

W,P.,mdlet5mo8. 

4.31 kilos 

4.26 kilos 



Length of 
period. 



mina, 
40 
30 
30 
29 
19 

26 
48 
33 

13 
30 
30 
35 
30 

16} 

30 

30 

30 

30 

88} 

30 

30 

20 
30 
28 
20 

19} 
35 
32 
23 

15 
30 
30 
30 

15 

16 

23 

27J 

12} 



Carbon 

dioxide 

produced 

per hour.^ 



gm. 

7.71 

6.84 

6.40 

5.52 

6.41 

6.72 
6.26 
6.45 

7.11 
6.48 
6.14 
6.29 
5.54 

6.91 
6.40 
6.06 
6.18 
6.16 

7.05 
5.00 
5.52 

5.82 
5.06 
5.36 
6.55 

5.63 
5.34 
6.06 
4.96 

6.92 
6.26 
6.16 
6.12 

7.32 
5.81 
5.96 
4.41 
6.76 



Respiratory 
quotient. 



} 



• • • • 



0.87 



0.89 



0.91 



0.89 



0.86 



{ 



0.79 



0.73 



0.88 



0.86 



Average 
pulse-rate. 



140 



113 

114 
112 
110 

121 
102 
103 
107 
106 

115 
105 
104 
107 
106 

126 
102 
108 

119 
106 
110 
108 

129 
112 
117 
107 

143 
134 
120 
130 

138 
122 
121 
99 
115 



Relative 
activity. 



VI 
II 
III 
III^ 
IV 

IV 

rv 

V 
IV 

I 
II 

IV 

II 

V 
IV 

rv 
III 

IV 
VI 

III 
ni 

V 

II 
rv 
rv 

v 
v 

VI 

rv 

VI 
V 

IV 
V 

VI 
VI 
VI 

ni 

VI 



^Calculated from the weight of carbon dioxide produced during the period. The preUminaiy 
periods for aU days are omitted in computing the minimum metabolism. See table 31, p. 142. 

Iiast feeding was about 6} hours before these observations. Sterile water was substituted 
for food at subsequent times of feeding. 

*Last feeding was about 19 hours previous to these observations. Sterile water was substi- 
tuted for food at subsequent times of feeding. 

^Last feeding was about 24} hours before these observations. Sterile water was given In 
place of food at subsequent times of feeding. 
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—BettilU 1^ obienatiotu on Hit goMtout exdumte efinfanlt — Ccmtinaed. 



p.. Very quiet, probkblf 

genenUly quiat; IV, Modostdy aeti' 
aU of the time.] 



■CalculBted from tha wsi^t of eubon dioxide prodneed during the poiod. The pnlmiiDMij 
periods for bU dayi u« (nnitted in oomiiatiiic the minimum metaboliim. See table 81, p. 143. 

nMt feeding wu about 3 hour* prarioui to tbeee obaerratioiu. rterile inter b«iiig ciw in 
plaee ot food at th^ next time of feeding. 
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TiHiM 23. — BeniUiii/obm-valioMimAagateouiexehangtt^in/anU—CoBlSaaad, 
[I, Vmy quiet, probably few in numbs; III, Borne aotiTity, bat 

cenenllr qniet; IV, ive; V. DIrtinatly Mtire; VI, Very motiTe, mo«t or 

ril of tbe time.) 



■CeloulKted from Qa wd^t of owbon dioxide produced during the period. Hie p 
pcriodi for all d«yi are omitted in computing the ininimiim metabdlem. Set table SI, p. 14S, 
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Tabub 23. — SentU of dbmvUiont on tiu goMOUt txehonge tf infanta — CoBtinued. 

P, Very qmat, probably 1;^ 

generally quiet; IV, Moderat^ a 
all of the time.] 
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GASEOUS METABOLISM OF INFANTS. 



Tablb 23. — BesuUa cf cbiorvatUnu en the ffoseauB exchange of vnfanU — ContinuecL 

[I, Very quiet, probably asleep; II, Slight movementB, few in number, in. Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Veiy active, most or 
all of the time.] 



Date. 



1913. 
June \& 



June 19* 



Jime 21* 

June 24 
June 26 



June 27 



Dec. 18 



Dec. 19 



Dec. 19* 



Dec. 20* 



Dec. 20« 



Sex, age, and 

weight without 

clothing. 



J, 8, (cont.) 
4.40 kUos 



4.51 kilos 

4.47 kilos 

4.50 kilos 
4.55 kilos 



J. 8. (cont.)f 6 mo8 
4.53 kilos 

P. 8,^ maUf IB mos, 
7.00 kUos 

6.85 kilos 



6.78 kilos. 



6.80 kilos. 



6.58 kilos. 



Length of 
period. 



mtns. 
15 
23 
30 
22 
30 

41 
15 
20 
30 

30 
15 
24 

15 
27 

33 
23 
25 
27 

21 
33 

31 
19 
31 
31 

17 
30 
30 
23 
20 

43 
30 
30 

37J 

30 

30 

21 
30 
61 



Carbon 

dioxide 

produced 

per hour.^ 



6.16 
4.23 
4.58 
4.72 
8.18 

8.63 
5.40 
4.56 
5.02 

4.54 
5.72 
4.75 

6.60 
6.38 

7.22 
5.63 
6.10 
6.22 

5.51 
5.22 

9.02 
7.29 
6.83 
6.48 

8.49 
6.24 
6.98 
6.16 
8.91 

6.81 
5.76 
6.56 

7.70 
5.46 
6.00 

6.68 
5.20 
7.43 



} 



Respiratory 
quotient. 



88 



{ 



95 



96 



} 



0.97 



0.84 



f 
} 
} 
} 



0.84 



0.83 



0.71 



0.71 



{ 
{ 
( 



Average 
pulse-rate. 



112 
95 
105 
111 
161 

183 
123 
115 
128 

115 
117 
116 

132 

• • • 

140 
115 
129 
122 

111 
120 

137 
114 
100 
103 

118 
101 
100 
95 
124 

112 
102 
108 

128 
98 
98 

109 

96 

121 



Relative 
activity. 



V 

II 

I 

rv 

VI 
VI 

II 

in 

u 

II 
II 
II 

V 
V 

VI 

I 

V 

rv 

I 
II 

VI 
IV 

n 
II 

V 

II 
II 
II 

VI 
V 

I 
III 

VI 

II 
u 

V 

II 

VI 



HI!alculated from the weight of carbon dioxide produced during the period. The prdiminary 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

<Last feeding was about 3 hours previous to these observations, sterile water being given in 
place of food at the next time of feeding. 

*0n June 19 and June 21 last feeding was about 6 hours before the observations. Sterile 
water was substituted for food at subsequent times of feeding. 

*Last feeding was about 5}. hours b^ore .these observations*. St^e wat^ wfts sabstitiijbed 
for food at subsequent times of feeding. 

'Last feeding was about 19} hours previous to these observations. Sterile water was given 
in place of food at subsequent times of feeding. 

'Last feeding was about 24} hours previous to these observations. Sterile water vnm eub- 
stituted for food at subsequent times of feeding. 
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Tablb 23. — BesnUa cf observcUiona on the gaseous exchange of infants — Continued. 

[I, Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
generally quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 



1913. 
Apr. 16 

Apr. 17 



Jan. 15 

Jan. 16 

Jan. 17 

Jan. 20 

Jan. 21 

Jan. 24 

Jan. 25 



Jan. 28 



Feb. 11 



Feb. 15 



Feb. 26 



Sex, age, and 

weight without 

clothing. 



H, T., male, 5^ mos, 
9.28 kilos 



9.33 kilos. 



J, F., female^ Si mos, 
1.92 kilos 



1.94 kilos. 



J. V. (cont.), 4 ''lo** 



2.10 kflos. 



J. V. (cont.), 4i ww>«' 
2.20 kilos 



2.45 kilos. 



Feb. 27 2.45 kUos. 



Length of 
period. 



mxna. 
68 

10 
26 
16 

30 
30 

14 
30 
30 

16 
28 
20 

36 
30 
60 

30 

22 
65 
22i 

39 
30 
30 

34 
11 
30 

20 
23 

27 

30 
30 
30 
30 
27 

18 
66 
30 
30 
30 

28 
38 
30 
26 
30 



Carbon 

dioxide 

produced 

per hour.^ 



Qm, 
11.12 

5.82 
6.55 
7.01 

2.42 
2.52 

3.47 
1.44 
3.58 

2.89 
2.55 
3.66 

3.55 
2.26 
2.26 

4.18 

3.08 
2.78 
2.80 

3.72 
2.22 
3.04 

3.67 
4.53 
4.16 

3.18 

2.48 
4.00 

2.74 
2.86 
2.82 
3.04 
3.09 

4.07 
3.65 
3.60 
3.22 
3.36 

3.96 
3.65 
3.34 
3.58 
3.28 



Respiratory 
quotient. 



} 



} 



) 

} 
} 

} 
} 



• • • • 

























95 

• • 

89 

• • 

90 



83 

• • 

79 



88 



85 



94 



94 



91 



83 



{ 



{ 



{ 

{ 
{ 

{ 
{ 



Average 
pulse-rate. 



126 

101 
101 
117 

146 7 
145? 

136 
130 
150 

122 
129 
160 

151 
131 
129 

156 

121 
132 
132 

145 
126 
143 

147? 

160 

166 

147 
138 
149 

141 
140 
144 
137 
139 

143 
142 
139 
131 
130 

143 
144 
135 
141 
136 



Relative 
activity. 



VI 

II 

II 

IV 

II 
II 

II 

I 

VI 

II 

IV 
VI 

VI 

II 
II 

VI 

V 
V 
V 

VI 

III 

V 

V 
VI 
VI 

V 
IV 
VI 

II 

II 

III 

IV 
IV 

V 
V 
V 

IV 

II 

VI 
V 

III 

V 

III 



^Calculated from the weight of earbon dioxide produced during the period. The prdiminary 
periods for all days are omitted in computing the minimtnn metabolism. See table 31, p. 142. 
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Table 23. — ResuUs of obtervaHona an the gaseous exchange of infanta — Continued. 

[I, Very quiet, probably adeep; II, Slight movements, few in number; in. Some activity, but 
generally quiet; lY, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 


Sex, age, and 

weight without 

clothing. 


Length of 
period. 


Carbon 

dioxide 

produced 

per hoiur.^ 


Respiratory 
quotient. 


Average 
pulse-rate. 


Relative 
activity. 


1913. 


/. V. (cont.),5 mo%. 


mins. 


ffm. 








Mar. 5 


2.56 kilos 


17 
35 


3.56 
3.67 


• • • • 


142 
147 


Til 
IV 








31 


4.03 




156 


IV 






31 


4.35 


• 0.92 • 


152 


rv 






30 


3.68 




143 


III 






30 


3.62 


k 


138 


II 


Mar. 6 


2.68 kilos 1 


16 
20 


4.43 
3.69 


.... 


147 
147 


rv 
III 








30 


3.76 




146 


IV 






30 


3.68 


0.94 < 


140 


III 






30 


3.76 


137 


III 






30 


3.24 




131 


I 






20 


3.81 




133 


IV 




/. F.(cont.), 6\ mo9. 












Mar. 13 


2.73 kilos 


14 
25 


4.46 
3.91 


• • • • 


168 
156 


iV 

III 








30 


3.86 


0.91 


150 


IV 






30 


3.76 


146 


II 






30 


3.58 


* 


141 


II 


Mar. 27 


2.98 kilos 


14 
30 
30 


4.89 
3.90 
4.08 


• • • • 

} 0.89 / 


144 
132 
134 


IV 

II 
III 




Mar. 29 


3.08 kilos 


33 
30 
29 


5.27 
3.82 
3.87 


• • • • 

} 0.94 / 


148 
130 
129 


VI 

II 
III 






J. V, (cont.), 6 mos. 












Apr. 8 


3.17 kilos 


45 
25 


4.13 
3.62 


^ 


145 
132 


V 

II 


^^F w ^1* W ^*^.fl.^B ^^ ■«# ««V W VvvV Vv 






20 


4.17 


' 0.82 - 


134 


rv 






22 


3.68 




130 


III 






26 


3.65 


. 


127 


III 


Apr. 9 


3.17 kilos 


12 
54 


4.40 
5.02 


• • • • 

• • • • 


144 
151 


I 

V 








52 


5.30 


• • • • 


159 


VI 


Apr. 10 


3.17 kilos 


69 
22 


4.79 
3.74 


• • • « 

} ^'^ { 


148 
137 


VI 

III 








24 


4.20 


141 


IV 


Apr. 17 


2.89 kilos 


28i 


3.43 


I 0.79 1 


123 


V 






24i 


3.45 


124 


rv 


Apr. 18 


2.98 kilos 


10 
22 


3.60 
3.27 


• • • • 


130 
123 


I 
II 








18 


3.63 




128 


III 






24 


3.53 


0.82 


126 


rv 






36 


3.60 




126 


rv 






29 


3.39 


k 


128 


rv 



^Calculated from the weight of carbon dioxide produced during the period. The preliminary 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 
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Table 23,—Re9uU8 of observaHana an the gaseoua exchange of infante — Continued. 

[If Very quiet, probably asleep; II, Slight movements, few in number; III, Some activity, but 
genewdly quiet; IV, Moderately active; V, Distinctly active; VI, Very active, most or 
all of the time.] 



Date. 


Sex, age, and 
weitdit without 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 




clothing. 


period. 


produced 
per hoiu:.^ 


quotient. 


pulne-rate. 


activity. 


1913. 


J. V. (cont.),^i ^no8. 


mins. 


gm. 








Apr. 21* 


2.98 kilos 


52 


4 26 




133 


VI 






26 


3.55 


• • • • 


123 


T X 
III 






33 


3.91 




132 


V 






28 


3.75 


• 0.79 • 


126 


III 






21 


3.26 




122 


III 






21 


3.43 


/ 


123 


III 


Apr. 22« 


2.93 kilos 


24 


4.53 




136 


V 






36 


4.25 


\ 


140 


VI 






20 


3.21 




110 


II 






26 


3.39 


0.81 • 


115 


III 






28 


3.02 




110 


III 






30 


3.24 


' » 


114 


III 


Apr 30. 


3.13 kilos 


29 
20 
40 


4.86 
3.78 
4.76 


• • • • 

} 0.85 1 


147 
127 
146 


V 

III 

VI 








12 


6.50 


• • • • 


169 


VI 




J. V. (cont.), 7 mo8. 












May 1* 


3.13 kilos 


40 
10 


3.81 
3.96 


0.78 
.... 


130 
135 


V 
IV 








29 


3.91 




134 


V 






24 


4.55 


\ 0.73 • 


147 


VI 






30 


4.84 




154 


VI 




/. V, (cont.), 7 J mo8. 






* X 






May 27 


3.25 kilos 


17 


5.51 


• • • • 


138 


V 






20 


4.17 


f 


122 


II 






30 


4.52 




122 


III 






30 


4.40 


' 0.88 - 


119 


III 






24 


4.03 




118 


II 






20 


4.98 


\ 


134 


V 


June 4 


3.30 kilos 


88 
15 


5.17 
5.80 


• • • • 

• • • • 


129 
149 


VI 
VI 






J. V. (cont.), 8 mas. 












June 9 


3.50 kilos 


40 
11 


6.79 
4.69 


• • • • 

• • • • 


145 
131 


VI 

II 








60 


5.42 


0.87 


142 


V 


June 10 


3.35 kilos 


48 
32 


5.80 
6.74 


• • • • 

• • • • 


149 
151 


VI 
VI 




June 12 


3.35 kilos 


16 
19 


5.48 
4.58 


• • • • 

} 0.94 { 


137 
129 


IV 

II 








30 


5.86 


141 


V 


June 13 


3.38 kilos 


15 
23 


5.92 
4.43 


• • • • 


134 
123 


V 

III 








30 


4.70 


0.90 


120 


III 






47 


5.67 


\ 


136 


VI 


^Calculi 


ited from the weiicht ol 


I carbon dio 


zide nroduc 


ed durins the 


oeriod. The 


prftliminary 



periods for all days are omitted in computing the minimum metabolism. See table. 31, p. 142. 

'Last feeding was about 3 hours previous to these observations, sterile water being substi- 
tuted for food at the next time of feeding. 

'Last feeding was about 6 hours before these observations. Sterile water was given in place 
of food at subsequent times of feeding. 

^Last feeding was about 21 hours previous to these observations. Sterile water was fubsti- 
tuted for food at subsequent times of feeding. 
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GASEOUS METABOLISM OF INFANTS. 



Tablb 23. — RenilU of observations on the gaseous exdiange of infa/nis — Continued. 

[I, Very quiet, probably asleep; II. Slight movements, few in number; III, Some actiyity, but 
generally quiet; IV, Moiderately active; Y, Distinotly active; VI, Very active, most or 
all of the time.] 



Date. 


Sex, age, and 
weight without 
clothing. 


Length of 


Carbon 
dioxide 


Respiratory 


Average 


Relative 


period. 


produced 
per hour.* 


quotient. 


pulse-rate. 


activity. 


1913. 


/. V. (cont.), 8\ mo8. 


mim. 


gm. 






June 25 


3.40 kilos 


17 
22 


5.29 
4.42 


• • • • 


130 
125 


V 
ITT 


1 






25 


4.70 


0.88 < 


124 


in 






25 


4.20 


122 


IV 






30 


5.62 


k 


140 


VI 


June 30 


3.39 kilos 


17 


5.15 


• . • . 


142 


rv 






26 


4.59 


' 


135 


IV 






22 


4.36 


' 0.92 \ 


129 


III 






27 


4.67 


127 


IV 






26 


4.68 


^ 


125 


IV 




P. W., male, 7 moa. 












April 1 


7.11 kilos 


21 


7.69 


• • • • 


144 


V 


*^ 




14 


7.54 


f 


130 


rv 






10 


7.20 




134 


V 






30 


6.20 


> 0.86 < 


120 


II 






30 


6.40 


121 


III 






30 


6.40 




122 


HI 






30 


6.54 


> 


125 


rv 


April 3 


7.11 kilos 


30 


6.50 


' * 


127 


I 






28 


5.89 




117 


I 






17 


6.53 


' 0.84 ' 


119 


II 






23 


6.13 




115 


II 






28 


6.56 


V 


124 


rv 



K^alculated from the weight of carbon dioxide produced during the period. The preliminaiy 
periods for all days are omitted in computing the minimum metabolism. See table 31, p. 142. 

While the data given in table 23 are made the basis of the discussion 
of our results in Part III of this publication, they may likewise be used 
for the discussion of many problems which have not been considered 
at this time. Furthermore, observations are still in progress in which 
supplementary evidence is rapidly being accumulated. Hence we wish 
it clearly imderstood that the data in table 23 are recorded here not 
only for present use, but for deferred discussion, in another place, of the 
many problems connected with the study of the metabolism of infants, 
such as the influence upon metabolism of crying, intense muscular 
activity, subnormal or febrile temperatures, and various distinctly 
pathological conditions. 
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Fia. II. Pulse-nte mirre for 8 — -ob, Julr 1, 1911- 
Ace, 3 day*; wwitbt, 1^ kiloptuns. See, tiao, fie 12. 
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Fio. 12. Pulae-rate curve for S ^ns, July 6, 1911. 

Age, 8 days; weight, 4.0 kilograms. See, also, fig. 11. 



DI8CUBBI0N OF RESULTB. Ill 

S § g § 8 8 § 

i 



Fio. 13.' Pulse-rate ourre for Dow, July 1, 1011. 
Ace, i days; wei^t, 2.S kitocmna. 
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Flo. 14. Pube-rato curve tor Weldon, July 6, 1011. 
Ast, S dftya; weislit, 3.0 IciloECatDi. 



DISCUSSION or BSBTTi/ra. 113 





8 


§ 


5 


§ 


g 


§ 


.«M»^ a..(w 












§ 


■*'^** Sis!* 


uw 










? 









Fio. 16. Pnbo-Mto ourr* fw H«riMrt W., July 13. lUI. 
Age, 6 waeka; wci^t, 1^ kilosmiu. 
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Fia. 16. Pulse-rate curve for Rita MeL., July 14, 1911. 
Ace, 3 months; wmght, 6.0 kilograms. 
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Fio. 17. Pulse-rate curve for Paul, July 12, 1911. 
A^e, 3 monthB; weight, bJb kilograms. 
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FiQ. 18. Pulse-rate curve for Tremballe, July 12, 1911. 
Age, 5 months; weight, 5.7 kilograms. 
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Fio. 19. Pulse-rate ounre for Christine D., July 13, 1011. 
Age, 7 months; weight, 7. 3 kilograms. 
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KECORDS OBTAINED DURING OBSERVATIONS WITH THE RESPIRATION 

APPARATUS. 

The observations just discussed were only preliminary in character 
and were necessarily liable to more or less error. We have, however, 
a large number of pulse records which were subsequently made while 
the infant was imder constant conditions in the respiration chamber. 
These records were likewise obtained by the use of the stethoscope 
according to the method previously described.^ 

It was frequently noted by the observer that the pulse-rate varied 
considerably during the minute of counting, particularly with very 
young infants. Thus, while the pulse-rate might be 20 beats in the 
first 10 seconds of the coimt, during the next 10 seconds it might fall 
to 18 beats, with similar variations throughout the whole mmute. 
The pulse-rate was usually coimted for one complete minute, but if 
the infant was crying it was counted for a half minute. At times when 
it was impossible to hear the pulse beat, the regular rhythm was counted 
by the observer and the coimt resumed by picking up the beats again 
when they became audible. Except during periods of crying, the pulse 
beats could be coimted with a high degree of accuracy, but with the 
rapid pulse of severe crying slight errors unquestionably crept mto the 
coimt. The arrhythmical pulse-rate of normal infants has recently been 
very extensively studied by Hecht.* 

As already stated, we feel that the possibiUty for error in this method 
of taking the pulse records is too great and that some automatic form 
of recording the pulse-rate should be substituted. Every effort was 
made, however, to obtain pulse records as nearly exact as possible with 
this method, so that the pulse curves secured during the observations 
with the respiration chamber may very properly be carefuUy studied and 
relationships established with other records obtained at the same time. 

RELATIONSHIP BETWEEN PULSE-RATE AND MUSCULAR ACTIVITY. 

The simultaneous measurements of the pulse-rate by means of the 
stethoscope and of the muscular activity by the kymograph enable us 
to make sharp comparisons between these two factors. Such a com- 
parison is made in figures 20 and 21, in which the kymograph curves 
obtained with two subjects are compared with the curves for the records 
of the pulse-rate during the same period of time. 

The pulse and activity curves obtamed for E. R. in the observation 
on April 12, 1913, are given in figure 20. The kymograph record shows 
that after a period of activity from 3^ 3"* p. m. to about 3^ 16" p. m. 
there was a short period of comparative quiet, i. e., from 3** 16" p. m. 

*See p. 61. 

'Heoht, Der Meohanismus der Henaktion im Kindesalter, seine Physiologie und Pathologie, 
Ergebnisse d. inn. Med. u. Kinderheilkunde, 1913, 11, p. 324. 
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graph curves is also of particular interest, since they are selected, for the 
greater part, to show the change from activity to repose, or the reverse. 
The bracketed portions of the kymograph curves correspond to the 
pulse curves. 
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Fia. 22. Pulae-rate and ksrmograph carves for F. B., April 24, 1013. 
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Fig. 23. Pulae-rate and ksrmograph curves for F. K., May 3, 1913. 3^ 19" p. m. to 3^ 30^ p. m. 
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Flo. 24. Pulae-rate and Igrmosraph curves for F. K., May 3, 1913. 3^ A3P^ p. m. to 4^ 26^ p. m. 
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Fio. 25. Pulae-rate and Iqrmograph curves for E. L., May 20, 1913. 
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Fxo. 26. Pulse-rate and kymograph cunres for E. L., May 21, 1913. 
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Fio. 27. Pulse-rate and kymograph curves for D. M., March 26, 1913. 
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FiQ. 28. Pulse-rate and kymograph curves for J. M., April 2, 1913. 
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Fxa. 29. Pulse-rate and ksnmograph curves for M. M.» June 2, 1913. 
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Fio. 30. Pulse-rate'and kymograph curves for M. M., June 7. 1913. 3^ 40°^ p. m. to 4^ 20™ p. m. 
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Fio. 31. Pulse-rate and Iqrmograph curves for M. M., June 7, 1913. 6*» 8" p. m. to 6^ 36™ p. m. 
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Fio. 32. Pulae-nta and kymatnph earrw [(« R N., M«r 21, 1S13. 
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Fio. 33, Pulse-rate and kymograph cvm-ea for E. N., May 22, 1913. 
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Fig. 35. Pulse-rate and kjrmograph curves for E. S., March 22, 1913. 
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Fia. 36. Pulae-rate and kymograph curves for J. S., June 18, 1913. 



5 



■T3^ 



'"¥ *lH» ' ^J ^ 



AJ09 



150 
























140 


\ 




^^^ 








\ 


J.V. APPIL22J9i3 






130 


^ 


"\^ 


"^ 








\ 












120 














\ 












no 


























100 



























a263a03l34a38a42346a503L54a58 4jQi2 406 



9 



T 



,3y40 — 

# 1 m I Hi I I ■ »■» ■» ■■ ■ > »w . ■■■> I # 



.ajr 



1 



aiv 



t 



3.SS' 



* « ■> !■■ ■ » 



T 



4.24 



I »■ 



4^.03 



Fio. 37. Pulse-rate and kymograph curves for J. V., April 22, 1913. 
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EFFECT OF CHANGES IN ACTIVITY ON THE PULSE-RATE WITH INFANTS 

OF THE SAME WEIGHT BUT DIFFERENT AGES. 

In order to compare the effect of changes in activity on the pnlse- 
rate of infants of the same weight but of different ages, a number of 
pulse curves are given in figures 39 and 40, these being grouped ac- 
cording to weight. These curves, like those previously shown, indicate 
the rapid reaction of the pulse-rate with the change in activity, the reac- 
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Fia. 39. Pulse-rate curves with infants of like weight but of different ages. 

a and b. G. S., February 19, 3.3 kilograms, 2} months, crying and moving, then quiet; £. S., 

March 22, 3.0 kilograms, 5 months, moved and cried, moving, then quiet. 
■e and d. A. C., March 19, 3.0 kilograms, 1) months, quiet, moved, cried lustily, crying, quiet; A. L., 

June 16, 3.1 kilograms, 3} months, quiet, then moving and crying. 
'e and/. A. C., March 19, 3.0 kilograms, 1} months, moved, cried lustily, crying, then quiet; E. S.* 

March 21, 3.0 kilograms, 6 months, quiet, moved, moving and crying, then quiet. 
g and h. G. S., February 14, 3.2 kilograms, 2} months,moved and cried, restless, then quiet (asleep?)! 

K.R., April 5, 3.1 kilograms, 4 months, moving and crying lustily, moving and crying, then quiet. 
% andy. A. C., March 19, 3.0 kilograms, 1^ months, quiet, moved, cried lustily, crying, quiet; L. O., 

February 28, 3.1 kilograms, 6 months, quiet, moved, moving and crying, moving a littJe. 

tion being at times so rapid that we may reasonably question the accu- 
racy of the record. The evidence given in these curves seems on the 
whole to indicate that the rapidity of the return to normal after crying 
and the increase when the infant waked up and cried are essentially the 
same with all of the infants, irrespective of age. This evidence does 
not agree with the results obtained in the earlier observations which were 
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IS MINS. 





Fio. 41. Pulse-rate curves with infants of like age but of difiFerent weights. 

a and b, E. R., April 14, 3 months, 4.5 kilograms, moving, then quiet, slight movements, quiet; 

A. S., AprU 1, 3 months, 6.0 kilograms, moving and grumbling, alternately quiet and moving, 

then quiet, 
c and d. K. R., April 5, 4 months, 3.1 kilograms, quiet, moving and grumbling, moving and 

crying, moving and crying lustily; M. M., June 2, 4^ months, 5.4 kilograms, quiet, moving 

and crying, moving and grumbling, moving and crying, 
e and/. F. M., January 22, 4 months, 3.6 kilograms, quiet, restless, restless and crying; M. M., 

June 7, 4i months, 5.4 kilograms, quiet, moving, moving and grumbling. 




IB «" 

Fio. 42. Pabe-iate curvas with infants of like age but of different weighte. 

a and b, E. 8., BCareh 21, 6 mootha» ZJO kilognyns, quiet, then crying and oom^iing, crying, 
moving; ciying; P* W^ AptSL Z, 7 months, 7.1 kik>granis, quiet, then mored* erying and 
moving, qoiet, crying. 

c and <i. L. 0.» Biaiefa 7, 6 monthe, ZJZ kilognnna, quiet, then moved and turned over, moving; 
P. Wf AiMJl 1, 7 months, 7.1 kilognnna, quiet, moved, moving end grumbling. 

e, A and g. L. O., Biardi 12, 6 monthe, 3.3 kilogruns, moving and grumbling, eoui^M, then 
quiet; J. £L, June 26, 6 monthe, 4j6 Idlogfams, moving and crying, then became quiet; P, W„ 
April 1, 7 monthe, 7.1 kilognms, moving and grumbling, then quiet. 
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standing the fact that considerable muscular activity immediately preceded 
the beginning of the period. Up to 4'' 12"* p. m., there was no approach to a 
condition of repose, but the period from 4** 12°* p. m. to 4** 42"* p. m. was the 
quietest period of the observation. The activity about 4** 41"* p. m. was taken 
as indicating that the infant was waking up; as this would naturally be accom- 
panied by considerable activity, a new period was begun. In the last period, 
that from 5** 8"* p. m. to 5** 38"* p. m., the curve is reasonably constant, the 
regularity of the line being broken by five or six movements. As a rule, per- 
fectly smooth lines could rarely be obtained with this infant. 
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Fig. 43. Kymograph curve for J. V., February 27, 1913. 

An examination of the estimated muscular activity given in table 24 shows 
that while it varied from III to VI, the estimates usually followed quite closely 
the total heat output. Thus, the two periods characterized as III represent 
238 and 233 calories per 24 hours respectively, the two periods marked V 
correspond to 259 and 254 calories per 24 hours, and the preliminary period, 
which shows the most activity (VI), corresponds to 281 calories per 24 hours. 
The fluctuations in the pulse-rate are not very great in this particular observa- 
tion, the minimum being 135 and the maximum 144; in general they follow 
the muscular activity and the total heat-production. 

Tablo 24. — Compariaan of the pulae^aief metabciUam, and muacidar activUy in 

observation with J. V., February 27, 1913. 





Total heat- 






Period. 


production 
per 24 hours. 


FuUe-rate. 


Activity. 




caU. 






3>» 06" p.m. to 3>» 34« p.m.* 


281 


143 


VI 


3 34 4 12 


260 


144 


v 


4 12 4 42 


238 


136 


III 


4 42 5 08 


254 


141 


v 


5 08 5 38 


233 


136 


III 



*Freiuxuaaxy penod. 



A record of the sensitivity test is shown at the bottom of the kymograph 
curve, and the amplitude of the excursion and the regularity of the vibration 
vouch for the sensitiveness of the apparatus at that time. 
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ObservcUion with M. Af., June 5, 1913. 

The kymograph curve for the infant M. M., obtained in the observation 
on Jime 5, 1913, has certain striking points, inasmuch as the minimiun and 
maximum activity are very well shown (see figure 47). During the prelimi- 
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Fig. 47. Ksonograph curve for M. M., June 6, 1913. 

nary period from 3** 12"* p. m. to 3^ 40" p. m., the infant was somewhat 
restless, quieting down sufficiently about 3** 35°^ p. m. to justify the beginning 
of a new period at 3** 40°* p. m. As a matter of fact, the infant was so quiet 
in the next period that the activity can be characterized as I (see table 28). 

Tablb 28. — Comparison of the puhe^ate, metabdum, and muscular activity in observation 

wiih M. M., June S, 191S. 





Total heat- 






Period. 


production 
per 24 hours. 


Pube-rate. 


Activity. 




cals. 






3*» 12" p.m. to 3»» 40«» p.m.* 


365 


107 


V 


3 40 4 10 


276 


93 


I 


4 10 4 31 


307 


96 


III 


4 31 4 58 


288 


90 


II 


4 58 5 23 


367 


113 


VI 



'Prelimiiiary period. 

The activity in the last period, t. e., that from 4** 58™ p. m. to 6^ 23" p. m., 
was sufficiently great to be classified as VI. This curve shows clearly the 
futility of attempting to graduate by kymograph records the exact degree of 
the activity and the heat-production, for although the curve appears U) indi- 
cate that the activity in the last period (from 4*» 58" p. m. to 6** 23"* p. m.) 
was much greater than that in the preliminary period from 3^ 12"* p. m. to 
3h 40m p^ n^^^ n^Q metabolism is very nearly the same and the pulse-rate is 
only 6 beats higher in the last period. This also justifies the statement 
previously made that the measurements obtained in preliminary periods are 
not sufficiently reliable to admit of extended discussion. The fact that no 
greater metabolism is shown in the last period than in the preliminary period, 
although the activity appears to be greater, should therefore be considered 
as a deduction based upon single measurements in two individual periods, 
either of which may be liable to error. Furthermore, when comparing the 
pulse-rates it should be stated that although the average pulse-rate in the 
preliminary period was 107, the individual counts ranged from 95 to 120, 
while the pulse-rates in the last period, although the average was 113, actually 
varied from 93 to 124. Discrepancies such as these serve again to emphasize 
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the fact that only periods of complete muscular repose can logically be used 
in discussing infant metabolism. 

In connection with the classification of the activity in the several periods, 
it is of interest to compare estimates made independently by two persons 
several weeks after the first estimate was made. This is done in table 29. The 

Tablb 20.'^ampan8on of original esHmatea of admty with later esHmates made 

indepmdenUy by two indwidtuda. 

(Observation with M. M., June 6. 1013.) 





Period. 


Pulse-rate. 


Estimates of activity. 




Later. 








Original. 
















Reader A. 


Readers. 


3»»12« 


p.m. to 3*» 40" p.m.* 


107 


v 


V 


V 


3 40 


4 10 


93 


I 


I 


n 


4 10 


4 31 


96 


III 


III 


ni 


4 31 


4 58 


90 


I 


I 


n 


4 58 


5 23 


113 


VI 


VI 


VI 



•PwJimiiiary period. 

only disagreements after several weeks, during which time several hundred 
records had been examined, are found in the estimates for the second and 
fourth periods in distinguishing between classifications I and II. No attempt 
was made to classify the activities beyond V, any degree of activity beyond 
ttuis bdjig classed as VI. While one might say that the activity in the last 
period was two or three times that of the first period, since it is classified as 
VI, this conclusion is not justifiable, as is shown by the records of the pulse- 
rate and the metabolism in these two periods. 

ObservaHan wiih F. K., May 2, 191S. 

Another infant, F. K., with a body-weight of 5.68 kilograms, showed activi- 
ties ranging from I to VI in the kymograph curve for May 2, 1913 (see figiue 
48). No curve previously given has shown a perfectly smooth line for an 
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Fio. 4S. Kjmocvspli emre for F. K., May 2, 1913. 

entire period, but such a line was obtained in the seocmd eipmmoital period 
of thb obdervaticMi, i. e., that from 3^ 39^ p. m. to 4^ 1* p. m. Inckieatal^ 
this iiKlicates how large an amount of eiqiaimental work must bedcMie inotder 

to 5¥><HiK«> a. suffi<*j«it pumbw of periods with fninimnm activiiy far fyimp ^yjftnn 

Indeed, for the fundamoital discussicm ct the comparative metabolism of 
infiuits, haitUy oiie4hiid of our entire SHies of oboeivktimis cooki l^ 

An intanesting comparison of the total metabcdism, the polse-nte, and tbe 
lecoids of the activi^ for this obaervatXA is givad in table 30. A gprneal 
luufonnity is obsefred, atthou^ the pwMminaiy period (&om ^ I^ p. m. to 
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In this instance the kymograph record indicates a slightly greater 
activity in period I (from 3^ 4" p. m. to 3^ 29" p. m.) than in period 
VI (from 5^ 10"» p. m. to 5^ 26" p. m.), which may accoimt for at least 
a part of the increase in the metabolism. 
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Fia. 51. Pulse-rate and kymograph curves for J. M., April 4, 1913. 

With the infant E. N., three periods with an activity of I were 
secured in sequence on May 26, 1913 (see figure 52). The pulse-rate 
in the period I from S^ 21" p. m. to 3^ 41" p. m. was 104 and the carbon- 
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Fio. 52. Pulse-rate and kymograph curves for E. N., May 26, 1913. 
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SELECTION OF DATA USED FOR COMPARISON. 

From the data obtained a table has been compiled which gives 
the average result of the periods with each infant in which the metab- 
olism was at a minimum (see table 31). The selection of the periods 
was based upon the records of the pulse-rate and the muscular activity, 
only such periods being used as showed a normally low pulse-rate and 
practically no muscular activity, i. e., those characterized as I or II. 
The figures for the ages and weights are the average ages and weights 
for the experiments included in the table. The data are arranged 
according to the increasing weights of the infants. Since with one 

Table 31. — Minimum metabolism of infants. 



■ 














Carbon- 




Subject. 


Sex. 


Body- 
weight 
without 


Height. 


Age. 


Days in- 
cluded in 


Periods 
aver- 
aged. 


dioxide 
per sq. 
meter 


Oxygen per 

sq. meter 

(Meeh) per 






clothing. 






average. 


(Meeh) 


hour. 
















per hour.* 








kilos. 


cm. 


mo8. 






gm. 


0m. 


J.V 


F 


1.94 


47 


3J 


2 


3 


12.1 


10.8 


£. H. o 


M 


2.96 


51 


3i 


5 


8 


11.6 


9.6 


A.C 


F 


2.99 


• • 


li 


3 


8 


9.7 


8.0 


E.S 


F 


2.99 


, ^ 


5 


3 


6 


14.0 


11.0 


A. D 


F 


3.16 


56 


4J 


5 


15 


13.0 


10.7 


K.R 


M 


3.17 


56 


4 


2 


4 


12.1 


10.2 


A.L 


F 


3.18 


53 


4 


2 


2 


12.4 


10.7 


L.O 


M 


3.18 


• • 


6 


7 


12 


15.3 


12.1 


J.B 


M 


3.23 


• • 


5 


2 


4 


13.3 


10.2 


G.S 


M 


3.30 


• • 


2J 


3 


5 


12.1 


10.0 


J.V 


F 


3.38 


53 


81 


3 


3 


16.7 


13.4 


F. M 


M 


3.65 


■ ■ 


4i 


3 


5 


15.4 


13.0 


M. D 


M 


3.99 


• • 


17 days 


2 


4 


9.2 


8.2 


L.B 


F 


4.04 


■ • 


4 


3 


8 


13.2 


10.6 


E. L 


M 


4.15 


59 


4 


1 


2 


14.0 


12.3 


W.P 


M 


4.31 


• • 


5 


2 


6 


14.6 


11.6 


J.S 


M 


4.41 


63 


5i 


5 


7 


15.6 


11.9 


E. R 


M 


4.49 


55 


3 


3 


5 


12.0 


11.0 


F.B 


M 


4.87 


60 


6i 


4 


13 


15.7 


13.1 


R.E 


M 


5.04 


60 


4i 


3 


7 


12.2 


11.3 


D. M 


M 


5.18 


66 


11 


2 


2 


15.0 


12.5 


D.Q 


M 


5.28 


62 


^ 


2 


4 


11.9 


10.1 


E.N 


F 


5.40 


66 


6 


7 


22 


13.9 


11.7 


J.P 


M 


5.45 


63 


7 


4 


7 


15.3 


13.0 


M. M 


F 


5.47 


62 


4i 


3 


7 


10.6 


9.7 


J. M 


M 


5.63 


62 


8 


2 


6 


18.2 


15.1 


M.A 


M 


6.67 


68 


9 


4 


9 


12.9 


11.7 


F.K 


M 


5.71 


65 


7 


6 


8 


14.2 


12.6 


L. R. B 


F 


5.99 


64 


4 


4 


11 


11.3 


10.4 


A.S 


M 


6.02 


63? 


3 


1 


1 


10.6 


9.5 


M.C 


F 


6.17 


63 


4 


3 


7 


11.9 


10.1 


P.S 


M 


6.80 


67 


12 


3 


10 


14.4 


13.3 


E.F 


M 


7.07 


62 


3 


2 


2« 


10.2 


8.7 


P.W 


M 


7.11 


64? 


7 


2 


5 


14.2 


12.2 


R. L 


M 


7.58 


71 


8i 


5 


8 


13.9 


12.2 


E. K 


M 


8.03 


73 


17 


1 


2 


14.2 


12.9 


H.T 


M 


9.33 


75? 


6i 


1 


1 


12.4 


9.5 


E. G 


M 


9.37 


74 


10 


3 


5 


11.4 


11.4 



*In accordance with the usage of Continental writers, we give these values, although we 
believe they are peculiarly liable to misunderstanding, and hence their use is unfortunate. 
The activity estimated for these two periods was II and III, respectively. 
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infant, J. V., the studies continued over a period of several months, 
the average minimum metabolism is given for periods secured at an 
early age, and again for periods obtained several months later. Various 
bases of comparison may be used, but in this table the infants have been 
compared on the basis of the energy transformation in 24 hours. 

In employing the data in table 31 for the discussion of the funda- 
mental questions considered, it is necessary to emphasize the fact that 
the amount of material and the method of its selection justify its use 
for a basis of comparison. The number of infants, i. e., 37 in all, 
permits extended comparison and discussion. 

Table 31 — Continued. 





Heat produced. 


Average 

rectal 

temperature.^ 


Pulse- 
rate. 


Subject. 


Per 24 
hours. 


Per kilo- 
gram per 
24 hours. 


Per square meter per 24 hours. 


Rowland.* 


Lissauer 
lO.Sv'W. 


Meeh 




cola. 


cah. 


caU. 


caU. 


cctU. 


°C. C>F.) 


J.V 

£j. H. S. . . . 


164 
194 


85 
65 


984 
891 


1032 
906 


882 
783 




129 
109 


36.8(98.2) 


A. C 


163 


55 


756 


759 


660 


37.2(98.9) 


126 


E.S 


225 


ib 


1036 


1048 


911 


36.5(97.7) 


107 


A.D 


229 


72 


1010 


1026 


895 


36.5(97.7) 


114 


K.R 


213 


67 


936 


960 


829 


36.6(97.8) 


103 


A. L 


226 


71 


996 


1020 


876 


36.8(98.3) 


107 


L. O 


260 


82 


1154 


1172 


1008 


36.9(98.6) 


106 


J.B 


223 


69 


978 


996 


854 


36.1(97.0) 


95 


G.S 


216 


65 


931 


946 


818 


36.9(98.4) 


119 


J.V 


297 


88 


1264 


1280 


1108 


37.3(99.1) 


126 


F. M 


300 


83 


1219 


1238 


1064 


37.1(98.8) 


118 


M. D 


196 


49 


738 


756 


656 


37.0(98.6) 


127 


L.B 


272 


67 


1020 


1041 


901 


36.9(98.5) 


124 


E. L 


306 


74 


1128 


1152 


995 


37.2(99.0) 


127 


W.P 


303 


70 


1076 


1104 


962 


36.8(98.2) 


96 


J.S 


319 


72 


1114 


1152 


997 


36.9(98.5) 


111 


E. R 


283 


63 


979 


1013 


873 


37.2(98.9) 


116 


F. B 


370 


77 


1211 


1257 


1082 


37.2(98.9) 


111 


R. E 


324 


64 


1035 


1070 


919 


37.1(98.7) 


114 


D.M 


369 


71 


1152 


1188 


1034 


37.3(99.1) 


119 


D.Q 


305 


57 


930 


972 


846 


37.3(99.1) 


101 


E.N 


353 


66 


1069 


1117 


962 


37.1(98.7) 


111 


J. P 


387 


70 


1152 


1207 


1039 


36.8(98.3) 


105 


M. M 


285 


52 


854 


891 


770 


36.8(98.2) 


96 


J. M 


467 


83 


1368 


1432 


1239 


37.2(98.9) 


112 


M.A 


356 


63 


1037 


1085 


939 


36.9(98.6) 


105 


F. K 


381 


67 


1107 


1158 


1003 


37.2(98.9) 


109 


L* XV. B . . . . 


331 


55 


923 


973 


844 


37.2(99.0) 


106 


A.S 


305 


51 


840 


888 


774 


37.3(99.1) 


113 


M. C 


333 


54 


912 


967 


837 


37.1(98.8) . 


103 


P. s 


453 


66 


1133 


1219 


1058 


36.8(98.2) . 


100 


E. F 


311 


44 


756 


828 


708 , 


37.1(98.8) ! 


111 


P. W 


439 


62 


1061 


1147 


998 • 


37.1(98.8) ' 


120 


R. L 


455 


59 


1038 


1140 


991 


37.4(99.4) 


115 


E.K 


497 


62 


1092 


1212 


1044 


37.7(99.9) : 


105 


H.T 


420 


45 


816 


912 i 


797 


37.2(98.9) 


101 


KG 


479 


51 


922 


1046 , 


907 

1 


37.2(98.9) 


106 



^See p. 22. 



'During respiration periods. 



• 

Ace. 


Weight. 


A«e. 


Wei^t. 


mot. 


itilot. 


mot. 


Mot. 


Birth. .. 


3.409 


7 


7.727 


■ 1 


3.860 


8 


8.070 


'- 2 


4.770 


9 


8.390 


f 3 


5.560 


10 


8.750 


' 4 


6.250 


11 


9.200 


' 5 


6.818 


12 


9.545 


6 


7.270 
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average wd^t of infants given by Holt.^ (See table 33.) For example, 
if the infant wdgjied 0.5 kil<^;ram more than the average weigjit at 
birth and we wished to know what it would have weighed at 5 months 
had it developed in the usual way, we added 0.5 kil<^ram to 6.82 
kilograms (the average wei^t for this age as recorded by Holt) and 
considered 7.32 kilograms the wd^t that the infant would have weighed 
had it developed normalfy. The same procedure was followed if the 
infant was under weiefat. « ^ ^ . . ^ ^ . 

It IS clear that rdatively few of iftfamu (ifoiO- 

the infants included in our study can 
be considered (rfn<Hinalwei^t, that 
is, the average wei^t of healthy 
infants, as only 8 out of the 37 
reported are equal to or exceed the 
normal weight; one of the infants, 
H. T., is considaidbly above the 
normal weight. It is understood, 
then, that we are considering for 
the most part infants that are under weigjit. Certain of these w&ce 
in the subnormal temjierature stage of infantile atrophy; oth^s were 
in the repair stage and with normal tenq)erature. 

The term ''infantile atrophy'' is applied to an emaciated infant with 
such severe indigestion that it is unable to digest weak mixtures of 
cow's milk, with no gain in wei^t, and with a subnormal body-tem- 
perature. The convalescent stage of infantile atrophy is that in which 
the same infant subsequently b^ins to digest its food and to gain 
weight, and has a normal temperature. IJnder-weigJit infants are 
those who are 0.5 kilogram or more below the average weight for 
their respective ages but whose digestion is not so severely deranged 
as those with infantile atrophy. This group includes all infants not 
classified as normal, or with infantile atrophy, or in the convalescent 
stage of infantile atrophy. 

REIATIONSHIP BETWEEN BODY-WEIGHT AND METABOLISM. 

One of the two factors commonly referred to as exercising a most 
pronounced influence upon the total metabolism is the body-weight. 
Charts have therefore been prepared in which comparisons have been 
made between the body-weights of our infants and the heat-production. 

^We reooipuse that there is no absolutely definite normal weight that can be established for all 
infants. The charts ot growth given by the various authorities are all very similar, their differ- 
ences being explained by the fact that they often represent infants of different nationalities or of 
different social and hygienic surroundings. Since the charts usually represent av^age and not 
normal infants, it is very difficult to apply the test of normal or abnormal weight to any given 
infant. Therefore, in comparing the infants used in this investigation, both the average and the 
estimated weights will be considered. Hereafter we shall use the term ''normal weight" as 
meaning the average weight. The average weights of American infants are given in table 33, 
which is taken from Holt (Joe. cii. , p. 17), who made it up from the records of 100 healthy nursing 
infants and the incomplete weight charts of about 300 other infants. 
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of body-weight per 24 hours for all of our infants. An inspection of 
these points shows conclusively that there is no regularity in the values 
for the diflferent infants. The heavy babies, H. T. and E. G., had a 
low energy transformation per kilogram of body-weight, but two very 
yoimg infants, A. C. and M. D., had similarly low values, although 
in general the infants of the smallest body-weight have high values. 
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Fia. 54. Chart showing the actual body-weight of infants and the heat-production per 

kilogram of body-weight per 24 hours. 

Thus it is seen that in comparing the metabolism of different infants 
we have to deal with some factor or factors other than body-weight. 
Inasmuch as the state of nutrition is not indicated by the records of 
the body-weight at the time of the observation, it is obviously impos- 
sible to discuss the influence of this factor simultaneously with the 
total body-weight without further data. 

COMPARISON OF NORMAL BODY-WEIGHT AND TOTAL HEAT- 

PRODUCTION IN 24 HOURS. 

Since the infants were mostly under weight, a comparison between 
the metabolism as measured and the normal weight of infants at the 
same age is justifiable and may prove suggestive in interpreting the 
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results. A chart has therefore been plotted (see figure 55) givmg the 
total heat produced per 24 hours for the different mfants and the 
average body-weight for a normal infant at the age when the metab- 
olism was observed. Here again no special imiformity is seen, 
although in general those infants with the largest body-weight have 
the largest heat-production. On the other hand, with infants ranging 
from 6.3 to 7.3 kilograms, many instances were found when both very 
low heat-production and high heat-production are noticed. 
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Fig. 55. Chart showing the normal weights for the ages of the infants under observation and 

the total heat-production per 24 hours. 

COMPARISON OF NORMAL BODY-WEIGHT AND HEAT-PRODUCTION PER 

KILOGRAM OF ACTUAL BODY-WEIGHT. 

In an attempt to reduce one factor in the comparison to a common 
basis, the values for the heat produced have been computed on the 
basis of per kilogram of body-weight, usmg the average weight for 
normal infants of the same age (see figure 56). No greater uniformity 
is apparent here than in the preceding charts and evidently no corre- 
lation can be found between the computed normal body-weight and 
total heat-production either on the basis of the total heat per 24 hours 
or the heat per kilogram of body-weight. 

COMPARISON OF EXPECTED BODY-WEIGHT AND TOTAL HEAT-PRODUCTION 

IN 24 HOURS. 

The average body-weights of healthy infants used in the foregoing 
comparisons are based upon the assumption that the infant was of 
normal weight at birth. Since the birth-weights of many of our infants 
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Fio. 56. Chart showing the normal weights for the ages of the infants under observation and the 

heat-production per kilogram of actual body-weight per 24 hours. 
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Fig. 57. Chart showing the expected weights for the infants under observation and the total 

heat-production per 24 hours. 
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are known to us, we computed the expected weight of our mfants 
as explained on p. 148, thus taking into account any variation from the 
nonnal in birth-weight but assuming normal growth. These weights, 
which are given in the last column of table 32, are compared with the 
total heat-production in the chart in figure 57. As in all the foregoing 
comparisons, no regularity is apparent. 

COMPARISON OF EXPECTED BODY-WEIGHT AND HEAT-PRODUCTION PER 

KILOGRAM OF ACTUAL BODY-WEIGHT. 

We have plotted in the chart in figure 58 the values for the heat-pro- 
duction per kilogram of actual body-weight for 24 hours for those of our 
infants whose birth-weight was obtainable. The same absence of any 
tendency toward regularity in the chart is seen as in the foregoing com- 
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Fio. 58. Chart showing the expected weights for the infants under observation and the heat- 
production per kilogram of actual body-weight per 24 hours. 

parisons. We may therefore conclude that, aside from a sUght tendency 
for the total metabolism to be larger with increasing weight, no regular 
relationship exists with infants between the total heat-production and 
the body-weight, regardless of whether the body-weight was actually 
found, computed from statistics of average values for normal infants, 
or was the expected body-weight based upon the birth-weight. This 
lack of correlation is likewise seen when the heat-production per kilo- 
gram of body-weight for 24 hours is computed on the various weight 
bases. It is clear, then, that some factor other than the body-weight 
influences the heat-production. 
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for J. M. An inspection of the plot shows no average value, for even 
when we omit the extreme values for M. D., A. C, E. F., and J. M., 
the limits still remain 771 to 1,108. A larger number cluster around 
875 calories, but there are too many scattering values to permit the 
use of 900 calories as an average value. If a line were drawn passing 
through the greatest number of points in this curve, it would indicate 
that there is a tendency for the older infants to have a higher heat- 
production, and yet, even with infants of the same age, wide variations 
are to be observed. This chart, therefore, leaves no doubt as to the 
lack of constancy in heat-production per unit of body-siirface for the 
infants under observation in this research, 

HEAT PER SQUARE METER (MEEH) PER 24 HOURS 



In the charts in figures 61 and 62, a comparison is made of the 
same two factors, using as a basis the Lissauer and Rowland formulas 
respectively. The substitution by Lissauer of 10.3 for the constant 
11.9 in the Meeh formula has not materially altered the picture as is 
shown by comparing the charts in figures 60 and 61. In the latter, 
the minimum value is 753 calories with M. D., and the maximum 1,432 
calories with J. M., with a tendency for some of the points to collect 
about the value 1,025 calories. The plot in general can not be con- 
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and to see if definite relationships can be established for the heat- 
production per square meter of body-surface and the age, weight, and 
length of the different infants. 

HEAT PER SQUARE METER (HOWLAND) PER 24 HOURS 



In the charts in figures 63, 64, and 65, the heat-production per square 
meter of body-surface has been compared with the actual body-we^ht 
using the three formulas. In the chart on the Meeh formula given in 
figure 63, we should again expect according to current belief to find 
the values grouping themselves in a vertical line. On the contrary, 
the dispersion is even more marked than in the charts plotted on the 
basis of age, with a tendency, if any, toward a horizontal rather than 
a vertical alignment. The complete absence of correlation is here 
again strikingly shown, nor is the general pictiure of the relationship 
between actual body-weight and the heat-production per square metf^ 
of body-stu^ace materially altered when the plots are made on the 
formula of Lissauer (figure 64) or on the formula of Howland (figure 65). 

It is again important at this point to recall the fact that the observa- 
tions made on these infants were all under constant conditions, namely, 
complete muscular repose and at approximately the same length of 
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time after feeding. It is impossible, therefore, to explain these great 
discrepancies as being due to muscular activity, nor can they in any 
way be accounted for by the ingestion of food, since our experiments 
have shown that the food taken by these infants while under observa- 
tion had no material influence upon the metaboUsm. Finally, it shoiild 
be noted that, in general, the observations were made at substantially 
the same time relations to the food ingestion. 
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Fig. 05. Chart showing actual body-weight of infanta and heat-production per square meter of 

body-surface (Howland curve) per 24 hours. 



EFFECT ON METABOLISM OF POSSIBLE DISTURBANCE IN RELATIONSHIP 

BETWEEN BODY-SURFACE AND BODY-WEIGHT. 

It has frequently been the custom when discrepancies in the heat- 
production per square meter of body-surface are found with infants, 
and particularly with atrophic infants, to ascribe the variation to a 
disturbance of the relationship between body-surface and the body- 
weight from which it is computed. It is essential, therefore, at this 
point to discuss this possibiUty more in detail. 

The argument frequently raised is that disturbances m the relation- 
ship betvfeen body-weight and body-surface with mider-weight infants 
precludes the use of any of the formulas now regularly used for the 
computing of body-surface, in that they give too small a value of body- 
surface for such infants. At the outset we wish to oppose this general 
thesis on the ground that in the most extensive and remarkably accu- 
rate series of measurements on infants with which we are familiar, 
namely, those of Lissauer, it is especially emphasized that 10 out of 12 
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frankly consider for our own work that the factor 10.3 which was most 
carefully determined by lissauer is the one logically best adapted for 
use in computing the body-surface of the greater number of infants. 
We furthermore beUeve that lissauer's formula would, in general, 
more nearly fit the requirements of observations in clinics, where the 
larger number of infants are imder weight. On the other hand, as we 
have already pointed out, it is distinctly questionable whether the 
methods of measurement^ have even yet been suflSciently refined or 
are sufficiently numerous to give a reUable method for the computation 
of the body-surface from the body-weight. 

Table 35. — HecUrprodtiction per square meter of hody-swrjace (Meek farmtda) for 

normal infants. 



Subject. 



M. D 

M.C 

L. R. B 

E.G 

R.L 

P.W 



Body-weight 




without 


Height. 


clothing. 




kUos, 


cm. 


3.99 


m • 


6.17 


63 


5.99 


64 


9.37 


74 


7.68 


71 


7.11 


64? 



Age. 



moa, days. 
17 



4 

4 

10 

8i 
7 



Days. 


Periods. 


2 


4 


3 


7 


4 


11 


3 


5 


5 


8 


2 


5 



Heat per square 
meter of body- 
surface (Meeh). 



cats, 
656 
837 
844 
907 
991 
998 



Although we believe that the lack of consistency exhibited by our 
infants in the heat-production per square meter of body-surface may 
not be ascribed to the fact that these infants were distinctly under the 
average weight, it is of special interest to select the relatively few 
infants who are of normal average weight and note the relationship 
between the heat-production and the body-surface. This has been 
done in table 35, in which the heat-production per square meter has 
been calculated for 6 of our normal infants of average weight. 

In no case were less than 4 periods used for averaging, and usually 
the average was drawn from a larger number of periods, the range being 
from 4 to 11 periods. Even with these selected infants, the variations 
in the heat-production per square meter of body-surface range from 
656 to 998 calories. It is thus evident that the disturbance noted with 
our whole collection of infants in the relationship between the heat- 
production and the body-surface is also apparent with selected infants 
having a normal or approximately normal average weight. 

^As an interesting evidence of our initial belief in the importance and significance of the measure- 
ment of body-surface and its relationship to metabolism, we should here state that extensive 
preparations were made by us for the measurement of the body-surface of a number of infants, 
and a method was developed for securing shadow photographs of infants in various positions, the 
areas of the shadows being measured by a planimeter. It was our hope to establish thereby some 
relationship with the body-surface as measured from the shadow photograph, and by actual 
measurements of cadavers, and the body-weight and length. It is needless to say that with our 
present views in regard to the significance of body-surface in its relation to metabolism, we have 
not felt justified in continuing such a series of measurements. 
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square meter of body-surface also show this increase in the same general 
proportion, since the body-weights of the infants compared are essen- 
tially the same in all cases. 

Table 36. — Compariaon of heat-production of infants of like hody-^weighl and height^ 

but of dijlferent ages. 



Subject. 


Sex. 


Body- 
weight. 


Height. 


Age. 


Heat produced. 


Per 24 hours. 


Per kilogram 
per 24 hours. 


Per square 
meter (Meeh) 
per 24 hours. 


A. L 

J.V 


F 
F 

F 
M 

F 
M 

M 
M 

F 
M 

M 
M 

F 
M 

M 

M 


kilo». 
3.18 
3.38 

6.40 
6.18 

6.47 
6.63 

6.28 
6.46 

6.47 
5.45 

5.28 
5.63 

5.99 
5.71 

9.33 
9.37 


ctn, 
53 
53 

66 
66 

62 
62 

62 
63 

62 
63 

62 
62 

64 
65 

75? 

74 


mo8. 
4 
8J 

6 
11 

4J 

8 

44 

7 

4i 

7 

4i 
8 

4 

7 

5i 
10 


cola, 
226 
297 

363 
369 

285 
467 

305 
387 

285 
387 

305 
467 

331 
381 

420 
479 


cola. 
71 

88 

66 
71 

62 
83 

67 
70 

62 
70 

57 
83 

56 
67 

45 
51 


cdU. 
876 
1108 

962 
1034 

770 
1239 

846 
1039 

770 
1039 

846 
1239 

844 
1003 

797 
907 


E.N 

D.M 

M. M 

J.M 

D.Q 

J.P 


M.M 

J.P 


D.Q 

J.M 

L. R. D 

F.K 

H.T 

KG 



In the two series of comparisons in which the youngest infant is 
approximately 6 months old, namely, those comparing E. N. with 
D. M. and H. T. with E. G., the increase in the heat-production for 
the older infant is not so great. In the latter comparison, E. G. was of 
normal weight while H. T. was over weight, so that the excessive amount 
of fat actually lowered the total heat-production of the younger infant 
H. T. It is therefore clear that with the older infants, which were in 
most instances distinctly under weight, there was a deficiency in the 
fat with an accompanying increase in the proportion of active proto- 
plasmic tissue. While this method of comparing the metabolism of 
infants on the basis of weight, height, and age gives a clue to the prob- 
able preponderance of fat or active protoplasmic tissue, it is obvious 
that no quantitative relationship can be established on this basis. 

The striking comparison between M. M. and J. M. is particularly 
worthy of consideration, inasmuch as the value for M. M. is derived 
from observations on three days, and a total of seven satisfactory 
periods were available for averaging, while with J. M. the data were 
secured on two days with six periods for comparison. Here, with a 
difference of 3 J months in the age, there was obviously a much greater 
proportion of active protoplasmic tissue with the older infant, J. M. 

That the active protoplasmic tissue determined to a very consider- 
able extent the total kataboUsm, not only with J. M ., but with all of 



